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1. FOREWORD 
Australian livestock have escaped the effects of most of 
the worst animal plngues. In the early years of settlement, 
geographical isolation, unsuitable reservoir hosts in the native 
fauna, low density stocking and poor communications undoubtedly 
helped to prevent establishment of 8ny a.eent introduced into 
the country. In lp.tter years quarantine and regulatory measures 
h�ve become more important. Perhaps for one or more of these 
reasons, sheep in Australia have escaped the more devastating 
forms of pneumonia which exist in other p?rt� of the world. 
Little attention was focused on pneumonias of sheep in 
Australia, but several major changes have occurred since World 
�ar II that hRve P.l tered the situation. There are now many 
more veterinArians in the field thus providing more opportunity 
for diagnosis; other epidemic diseases of sheep h�.ve be�n 
controlled; the sheep population of Australia has increased from 
96 million in 1946 (Anon. 1961) immedio.t.ely post war, to 176 
million in 1966 (Anon. 1967) with a progressive cnonge from 
wool production from Merino sheep to the more intensively stocked 
Crossbreds suitable for fat lamb production as pa5tures have 
been improvPd. The economic situAtion of the sheep industry 
will no doubt force further change and demAnd further intensific­
ation of production, with consequent ecological change which may 
increase the importance of respirRtory infections. 
In initiating the present study, pneumonia was at fir�t 
considered in its broadest sense �nd the literature survey has 
indicated that there are many causes of pneumonia in sheep in 
the world. Much of this work reported in the world's literature 
was carried out before techniques for isolation of viruses became 
available and hence is directed toward possible parasitic and 
bacterial causes. The earlier studies incriminated helminth 
parasites but the evidence is less strong against the bacteria 
as primary causes. More recent studies have reported the 
isolation of viruses and mycopl�8mast but it is uncertain 
whether all, or even the principal aetiological agents, have yet 
been identified� 
The major task in this investigation has heen to search for 
viral causes of pneumonia in sheep in AustrPlia. Other agents 
which may initiate or contribute to pneumonias were studied only 
in collaboration with other workers. 
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2. LITERATURE SURVEY OF SHEEP PNEUMONIA 
Though the pneumonias of sheep have not yet been fully 
defined, certain syndromes have been separated and their 
particular causes identified. These pneumonias are described 
as particular syndromes or in relation to their ascribed cause. 
There remain pneumonias which have not been clearly separated 
from the imprecise label of "Enzootic Pneumonia". It has not 
been found possible to separa.te the various reports of pneumonias 
completely into categories for purposes of description. 
SHEEP PROGRESSIVE PHEUMONIAS 
These pneumonias are usually described under the term 
"jaagsiekte", though in one country, Iceland, two such diseases 
have been distinguished namely; jaagsiekte and maedi. 
JAAGSIEKTE: Robertson (1904) described and named the disease 
"jaagsiekte" in South Africa, though it had been known in that 
country since 1893. M'Fadyean (1938) confirmed what other 
authors had mentioned, that illustrations of lesions that were 
typical of jaagsiekte appeared in papers publiahed by M'Fadyean 
in 1894 and 1920. At the time of original publication, the 
lesions had been attributed to lungworm by M1Fadyean. A paper 
by Dykes and M'Fadyean (1888) was considered by Duran-Reynals 
et al (1958) as being the first description of this disease but 
this account is not clearly of a specific condition. Cowdrey 
and Mar6h 0927) tabulated the history, clinical appearance and 
pathology of progressive pneumonia in Montana sheep and of cases 
of jaagsiekte, and considered the two conditions were the same 
disease. 
Jaagsiekte was introduced into Iceland in 1933 (Sigurdsson, 
1954) in what must be a classic illustration of the dangers of 
introducing exotic breeds to improve a local breed. Karakul 
sheep were imported from Germany, and these animals subsequently 
were considered responsible for the introduction into Iceland 
of jaagsiekte, maedi and Johne's disease. In a description of 
pneumonia in Iceland in 1931, Dungal made no mention of such 
pneumonias. This description pre-dates the importation of the 
Karakul sheep. 
Shirlaw ( 1956) believed the "Laikipi lung disease", known 
from the earliest da7s of sheep raising in Kenya, to be 
"jaagsiekte". Gray \1966) refers to Laikipi lung disease as a 
disease of lambs and jaagsiekte as a distinct disease of adult 
sheep. This may either be a later viewpoint or result from the 
fact that Gray was a visiting United Nations expert whereas 
Shirlaw was resident for some years. The comparable disease in 
France is "Bouhite" which Lesbouyries and Bonnac (1940) in their 
original description ascribed to irritation from turpentine in 
pine needles grazed by the sheep. Pattison (1946) found lesions 
indistinguishable from those of jaa,gsiekte in the lungs of a 
single sheep which died of enterotoxaemia in Palestine a,nd 
another account from the same general area, now Israel, was by 
Nobel (1958). Other countries from which descriptions of this 
type of pneumonia have been reported are Greece (Christadoulou 
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and Tarlatizis, 1952); Turkey, (Seoki, 1956); Italy, (Carrara 
and GasJ! r;, ,;, 1959); Sardinia, (Ceretto and Deiana 1 1967); Spain, (Perez, 1963); Bulgaria, (Enchev et al, 19581; Yugoslavia 
(Cvjetanevic and Martincic, 1962); U.S.S.R., (Kostenko, 1964); 
Germany, (Pallaske 1 1929); and India, (Rajya and Singh, 1964; Sastry et al, 1965}. 
Cuba-Caparo (1945) described an adenocarcinoma, which 
differed from the usual jaagsiekte in that metastases were found 
in the bronchial lymph nodes. Cuba-Caparo (1961) examined the 
lupgs of 10,600 apparently normal sheep killed at abattoirs in 
Peru; 54 were found to have lesions of pulmonary adenomatosis. 
These sheep were Merino or Corriedale crossbreds. Metastases 
were found in 3 of 6 clinical cases obtained from farms. Most 
of the sheep came from areas which were over 10,000 feet in 
altitude. 
The diseases with the names jaagsiekte, Laikipi lung disease, 
Bouhite and adenocarcinoma are probably a complex. Duran-Reynals 
et al (1958) in a review, groups these and maedi together as 
sheep progressive pneumonia (SPA), though, as they state, not 
all cases show adenomatous features. 
Jaagsiekte has not been reported' in Australia. De Kock 
(1958) quotes a personal communication from Bull in 1940 which 
stated that. there. have never been cases of jaagsiekte in 
Australia and no description of it in this country has been 
published since that date. 
Clinical history: Stevens (1957) found that most cases in 
the United Kingdom were in 3 - 4 year old sheep though it mas 
been seen in sheep less than one year old. First signs are an 
occasional cough and some panting af�er being yarded. As the 
disease advance$, the sheep lose condition, the wool becomes 
coarse, ·and clear fluid pours from the nose. More fluid can be 
obtained by raising the hind legs of the sheep higher than the 
front legs. The clinical condition deteriorates over a period 
of 6 weeks to 4 months and no clinical cases have been known to 
recover. Cases occur at all times of the year. The body temper­
ature is rarely raised, except in the terminal stages when 
secondary infection is common. 
Post-mortem Examination: Stevens found that the lesions were 
confined to the thOracic cavity. The lungs were increased in 
size and were 3 times the normal weight. There were extensive 
areas of consolidation, the lower portions and apical lobes 
being most frequently affected. There was a great excess of 
frothy fluid in the bronchi. In 4 cases allowed to die there 
was abscess formation, pleural adhesions and coliforms and 
streptococci were isolated from the lungs. 
Dungal (1946) gave a more det•iled description which 
emphasized the gradual increase of lesions from spotS just 
visible in a cut' surface which progressed until the whole lung 
becomes involved. The lesions were confined to the bronchiolar 
and alveolar epithelium. Cowdrey (1925) gave a description which 
agreed with that of Dungal though he was describing progressive 
pneumonia of sheep in Montana. 
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Stamp and Nisbet (1963) consider that it is difficult to 
distinguish histologically between the lesions of some caRes of 
pulmonary adenomatosis and "atypical pneumonia" a common form of 
pneumonia seen in Britain as alvemlar epithPlialisation occurs in 
both though differing qualitatively and quantitatively. 
Method of Spread: Transmission was achieved by housing heal t,hy 
and clinically affected sheep together (Dungal et al, 1938) and 
in a later paper (1946), Dungal demonstrated that the respiratory 
route was the important one and that the agent could pass filters 
which would retain bacteria. Markson and Terlecki ( 19�ih trans­
mitted jaagsiekte to sheep at Weybridge. Duran-Reynals. \1958) 
failed to transmit pulmonary adenomatosis to Swiss mi-ce, hamster� 
Rnd chinchillas but succeeded with sheep. Close housing over the 
winter in Iceland and "kraaling" each night in Kenya has probably 
been a factor in the spread in these countries. 
Aetiology: Shirlaw (1959) isolated a large virus in the yolk 
sac of chick embryos from the lungs of a.ffected shPPp Ftnd considered 
that the agent was a member of the chlamydia group. Mackay et al (1963) isolated a mycoplasma from the lungs of field cases of 
pulmonary adenomatosis. 
Extensive investigations by Dungal et al (1938) into the 
widely held belief that luneworms were the cause of jaagsiekte 
esta.blished that they were not. Other experiments fa.iled to 
incriminate the sheep ked (Melophagus ovinus) as a vector. 
Control: Shirlaw (1959) used a vaccine prepArerl from formalinised 
whole lung from infected sheep, given annually, plus a change of 
Jiusbandry from nightly "kraaling", and succeeded in controlling 
jaagsiekte. An earlier field trial with a fresh lung vaccine, 
he stated, had proved disastrous. De Kock (1958) gave an instance 
where a change from nightly folding of sheep plus slaughter of 
early clinical cases had apparently eliminated the disease. 
MAEDI: Sigurdsson (1954) considered maedi a disease quite 
distinct from jaagsiekte with a different epizootiology though it 
first appeared in Iceland about the same time as jaagsiekte and 
was traced back to the importation of a Karakul ram in 1933. 
Dungal's description of pneumonia in Iceland in 1931 made no 
suggestion of a disease resembling maedi. Shirlaw said that 
histopathological changes considered characteristic of maedi, 
occurred in some of his jaagsiekte cases. Kajya and Singh (1964) 
consider both diseases occur together in India. Until the 
Icelanders are demonstrated to be in error, maedi should be 
regarded as a separate disease from jaagsiekte though it may occur 
in the same sheep p opulation. 
Incidence: Haedi has been studied only in Iceland and was 
estimated to have killed 150,000 sheep from 1939 to 1952. Recoveries 
from the clinical disease are considered to be rare if they occur 
(Sigurdsson et al, 1952). Sigurdsson (1954) has given a detailed 
account of the clinical signs, post-mortem findings and histo­
pathology. This is given in part in the following paragraphs. 
Clinical signs: The first signs are a slowly advancing listless-
ness, precipita.ted by driving or by bad weather. Sheep become 
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dyspnoeic and after exertion respiration becomes very rapid and 
shallow. As the disease advances, signs become more pronounced. 
Respiration is 80 - 120 per minute but the temperature is normal; 
there is a hypochromic anaemia; haemoglobin falls to 7-8 g/100 ml 
(normal 12-14 g/100 ml); the serum non-protein nitrogen is normal. 
In experimental cases there is a slowly increasing leucocytosis 
which may reach a peak a year before signs are noticed. In natural 
outbreaks only the older sheep show signs. Death may occur between 
4- 12 months or longer after the first signs appear. An infectiou! 
pneumonia ma.y kill the weakened animal. 
Post-mortem findings: The carcase is thino The characteristic 
changes a�e confined to the thoracic cavity. The lungs do not 
collapse much when the thorax is opened. In a few cases there is 
some fibrin over the pleura. The lungs weigh 2-5 times as much 
as normal and are greyish-yellow to greyish-blue in colour and 
they feel like a stiff rubber sponge. The pathological changes 
involve the whole lungs. There is no normal tissUe in the lungs 
but the consistencyw very much less than hepatisation. The 
larger bronchi contain some mucus. The tracheobronchial and 
mediastinal lymph nodes are enlarged. 
Histopathology: The main characteristic is a proliferation of 
the mesenchymal tissue with a thiokening of the alveolar septa and, 
at times, numerous macrophages in the alveoli. The bronchial tree 
isfree of lesions, the epithelium being intact and the lumina free 
of exudate. It is common to see small epithelial formations 
outside the bronchi in the form of irregular cavities lined with 
cubical or cylindrical epithelial cells, but these are not very 
extensive� 
Transmission: Sigurdsson et al (1953) conducted a series of ex­
periments to determine methods of spread. They were not careful 
to eliminate airborne infection and the controls in the early 
experiments also developed the disease. In later experiments, 
the controls were housed in such a manner that there was no 
possibility of airborne infection. Their results indicated that 
the disease could be spread by inoculation of lung tissue directly 
into the lung, the nose or intravenously, by faeces in the drinking 
water and by contact of healthy animals with clinical cases. They 
also found that the long period before signs of the disease appear 
was not an incubation period but rather a period of slow progressivE 
development of the tissue changes. 
Aetiology: A viru� was isolated from the lungs of sheep infected 
with maedi hy Sigurd�d6ttir and Thormar (1964). The methods they 
used involved the inoculation of lung tissue into cell lines 
derived from the choroid plexus of sheep. They developed a 
neutralisation test by means of which they were able to demonstrate 
antibody to maedi virus in serum of sheep from farms with infected 
sheep but not in those from farms with healthy sheep in Iceland 
(Thormar et al, 1966). Thormar (1965) and also Thormar et al 
(1966) found that maedi virus was closely related to visna virus, 
an agent which causes an encephalitis in sheep. 
�: The sheep in the enzootic area of Iceland were pro-
gressively slaughtered out, 300,000 being destroyed and replaced 
with 180,000 lambs from maedi-free districts and hy 1957 the 
diseasP had not reappeared (Sigurdsson, 1958). Cases were again 
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seen by the time ofAThormar's 1964 report and this has necessitated 
the use of the serological test for future control. 
ENZOOTIC SHEEP PNEU!10NIA 
The meaning of this widely used term has not been defined. 
It has been used for jaagsiekte in Kenya, but it is generally 
used for the pneumonias of poorly defined or unknown aetiology. 
Shirlaw in a review (1959) cites a wide range of countries 
from which enzootic pneumonia has been reported and these include 
the United States, Spray (1923), Newsom and Cross (1932), Marsh 
(1923 ! 1938); Germany, Miessner and K6ser (1931), and O�permann (1936); Iceland, Dungal (1931); Norway, Woxhol't et al (1952); 
Switzerland, Dolder and Leuenberger (1948); France, Delpy (1932), 
and Gourdon et al (1957). Pounden et al (1956) described one of 
the few attempts to estimate the incidence of pneumonia. They 
found definite lesions in approximately 16% of 541 lambs at an 
Ohio abattoir and suspicions lesions in 47%. A review of the 
position in the United Kingdom has been given by Stevens (1957). 
Salisbury (1957) and Downey (1957) have described "enzootic 
pneumonia" in New Zealand sheep. Beveridge (1937) gave the only 
account of the disease in Aust.r8.lian sheep. 
Most of these accounts pre-date the use of modern virological 
techniques and, in many cases, the techniques for the isolation 
of mycoplasmas, so that attention was largely focussed on bacteria, 
particularly pasteurellae. Although bacteria have been isolated 
from sheep with enzootic pneumonias, their role as primary 
initiators of the condition or as secondary invaders is not certain. 
It may be that there is more than one cause of enzootic pneumonia. 
Clinacal History: Stevens (1957) gave a description of the 
clinical signs of enzootic pneumonia. Sudden deaths were frequent!� 
the first sign of the disease. The next most frequent sign was 
excessive coughing when the sheep are yarded and the appearance 
of some mucoid discharge from the nmstrils. Spasms of convulsive 
coughing :w,ere characteristic. In advanced cases, the animals 
stood apart and showed marked respiratory effortS. The period 
between the appearance of signs and death varied from a few hours 
to a week, but the general recovery rate was high. Mortality 
rarely exceeded 15% and was more frequently 5%. There was 
considerable loss of condition in the survivors. Young lambs were 
not often affected. Yarding, housing, transport and changes of 
weather seemed to be precipitating fa.ctors. 
Salisbury (1957) found stress of shearing or bad weather to 
be involved in 3 of 10 outbreaks in New Zealand. Montgomerie et al 
(1938) considered that droving long distances, crowding and sudden 
cold weather could be precipitating factors in Wales. Newsom and 
Cross (1923) described an outbreak in feeder lambs which had been 
8 days in transit by tail. Most of the 300 were o.ffected and 116 
of them died. Newsom and Cross (1932) reported an outbreak 18 
days after shipping in California. Stamp et al (1955) gave a 
change of pasture as a ]Jrecipitating factor and stated that the 
first deaths in an outbreak were without clinical si�n�. 
Pathology: In almos� all descriptions of macroscopic pathology 
tbe ch�tnges were confined to the thDracic cavity. Dungal (1931) 
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gave the most detailed description. 
Dungal encountered no case of enzootic pneumoni�- wj thout 
conspicuous changes in one or both lunes. The parts most frequently 
affected were the apical lobe of the right lung and the lower 
border of the apical lobe of the left lung. The changes were in 
the form of a. more or less extensive consolidation which might be 
localised in one continuous area divided into two or more places 
separated by sound tissue. Usually not more than a third of the 
lung was consolidated. The pleural covering of the consolidated 
areas was usually thickened but the colour of the underlyirig 
tissue could be seen through it. The affected parts were conspic­
uous by their bluish red colour which may be very dark in places; 
in some cases of longer standing, the colonr might be lighter, a 
reddish-grey or even a light grey. On section the colour was 
variable in acute cases but more greyish a.nd uniform in the chronic 
cases. The lungs had a firm consistency. A reddish fluid issued 
from the cut surface and on pressure a white or whitish-grey more 
viscid mucus from the bronchi. 
Jowett (1930), Leyshon (1932), Montgomerie et al (1938), 
Campbell r.t:ar '''o' (1949), Salisbury (1957) ftnd Downey (1957) 
give descriptions which are generally similar to that given by 
Dungal. ' 
Histopathology: Dungal (1931) also gave a careful account of 
the histopathology of his cases. Every alveolus in the consolidated 
area was packed with nucleated cells, the interalveolar tissue 
was oedematous and contained scattered mononuclear and polymorpho­
nuclear leucocytes. Necrosis begaR in the alveoli and extended 
progressively through the hepatised area. Extravasation of red 
blood cells was common. Bacteria could be seen best in the less 
infiltrated areas. 
Aetiology: The bacterial aetiology of enzootic pneumonia was 
lengthily reviewed by Shirlaw (1959). The bacteria which received 
most attention were Pasteurella spp., namely P.multocida and�· 
haemolytica. Work on typing the variants of these species, 
isolated from pneumonia sheep lungs was commenced by Jones and 
Little (1921) followed by Spray (1923) Newsom and Cross (1932) 
(who introduced the term P.haemolytica l , Montgomerie et al (1938), 
Rosenbusch and Merchant (1939), Bosworth and Lovell (1944) and 
Gourdon et al ( 1957). A variety of biochemical and pa,thogenici ty 
tests have been used to classify pasteurellae. P.multocida and 
P.haemolytica have been clearly distinguished from each other, 
but in spite of the work on classification of P.multocida into 
types, it is not clear how meaningful the differences are except 
with the work of Smith (1959). He classified P.haemolytica into 
types A and T of which type A was associated with enzootic 
pneumonia and type T with the lamb septicaemia of Stamp et al (1955). 
It has been frequently shown that pasteurellae can be 
isolated from sheep with pneumonia or �monstrated in impression 
smears of lungs shoto�ing pneumonia. In addition to those authors 
already mentioned, Jowett (1930), Dungal (1931), Leyshon (1932), 
Newsom and Cross (1932), Henning and Brown (1936) and Marsh (1953) 
reported the isolation of pasteurellae from pneumonic lungs. 
Henning and Brown (1936) isolated two different types of pasteurella 
from the same type of pneumonia. Stevens (1957) isola.ted P. 
haemolytic& from 61 of 66 cases of pneumonia �t Newcastle,-England, 
in e;; of them as a oure culture. He quotes a personal communication 
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from Heath, that at Penrith Veterinary Investigation Centre, only 
in 19 of 88 cases of pneumonia were bacteria other than pasteurella 
isolated from lungs. Salisbury (1957) isolated a haemolytic past­
eurella-like organism from cases of enzootic pneumonia in New Zealand. 
His outbreaks had the characteristic that only 6-tooth and full mouth 
ewes were affected. 
Pasteurellae can be isolated from the respiratory tracts of 
healthy sheep; Dungal (1931), Bosworth and Lovell (1944), Campbell 
et al (1949), Newsom (1952), Gourdon et al (1957), Stevens (1957), 
Hamdy et al (1959). This strongly suggests that the finding of 
pasteurella in a pneumonic lung is not proof that pasteurella is 
the initiating cause. However, when extensive growth occurs in 
pneumonic areas pasteurella spp, probably contribute to the effect 
of pneumonia on the host and may in fact be the actual cause of 
death. 
Transmission: The tpansmissions to sheep which involve other 
agents in addition to pasteurellae are dealt with in the section 
dealing with mycoplasmas and chlamydia. Deaths of sheep from 
septicaemia have been caused by inoculation of sheep with P.multocida 
or P.haemolytica (Stamp et al, 1955, Biberstein and Kennedy, 1959); 
pneumonia has been produced only by Dungal (1931) with P.multocida 
and by Smith (1960) with P.haemolytica in young lambs. 
Control: Dungal (1931) used a phenolised pasteurella vaccine on 
a large scale in Iceland. Although he did not carry out a controlled 
experiment, he was convinced of its value. Shirlaw (1959) cites 
Woxholtt et al (1952), Dolder and Leuenberger (1948) and Miessner 
and K8ser \T931) as having had a s�milar success. Dolder and Leuen­
berger used an autogenous strain grown for 24 hours then formalinised. 
They left controls in only 3 flocks and in only one of these sets 
of controls did losses occur. Stevens (1957) said tha.t commercial 
vaccines were widely used in Scotland. Whether the results justified 
the cost was not known. Pyke (1966) reported that a pasteurella 
vaccine did not prevent pneumonia in a flock in a controlled trial 
in New Zealand. A formalinised P.multocida vaccine was manufactured 
by Commonwealth Serum Laboratories for use in cattle. It has been 
used in Victoria and South Australia for sheep but has now been 
withdrawn from sale. Personal communications from various veterin­
arians have su,igested that there is a danger of anaphyllaxis in 
sheep given P.multocida vaccine. 
MYCOPLASMAS AND CHLAMYDIA 
The organisms of these two groups are considered together as 
they have been associated in several accounts. 
MYCOPLASMAS: A highly infectious form of pleuropneumonia in sheep 
was described by Heikkila (1956) in Angola. She proposed the Dame 
Borrelomyces ovis for the organism. 
Mycoplasma agalactia, which causes a highly infectious disease 
of goa�s in the Mediterranean area, can occasionally produce pneumonia 
in sheep (Cottew, personal communication). There are a number of 
reports of isolation of mycoplasmas from sheep with pneumonia, but 
since the presence of a virus could not be excluded, the actual cans� 
ot the pneumonia was uncertain. 
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Greig (1955) isolHted a mycople.sma from pleural fluid and 
consolidated areas of sheep lunes. He found mycoplasmas in the . 
upper respiratory tract of the sheep to which he intended to trRnSmlt 
the agent. He injected the pneumonia strain intraperitoneally but 
failed to reproduce pneumonia. ilurason and Doguer (1955) isolatPd 
mycoplnsMns from lung le�ions in lambs but purP cultures failed to 
produce the disease. 
Three groups of workers have reported the isolRtion of mycoplasmas 
from sheep in field outbre�tks of pneumonia and the subsequent prod­
uction of disease or death with the agent. The clinical condition 
reported in Italy by Pegreffi et al (19�7) was a subacute or chronic 
pneumonia plus a toxaemia and arthritis affectin:� sheep of both sexes 
in autumn or winter. The outbreak in rtussia reported by Farzaliyev 
et al (1962) was in lambs up to 10 days old and was characteri:r.ed 
by acute pneumonia and septicaemia. The account from the Argentine 
by Colusi et al (1964) described a.n outbreak in which 70 of 350 
Lincoln lambs 6-7 months old died. Extensive areAs of hepatisation 
and fibrinous pleurisy were seen post mortem in these cases. 
Though each of these 3 �roups of workers were dealing with a 
different field condition, each was able to produce disease by 
experimental inoculation of a mycoplasma. 
CHLAHYDIAE PLUS HYCOPLAS-.JAS 
McKercher (1952) is credited with the first isolation of a 
chlamydia from pneumonic sheep lung. Initially, he isolated it 
in mice and produced a pneumonia in a sheep with the organism. 
Poi'ka)rny (1955) isolated a similar or>ranism and a pasteurella-like 
organism. Boidin et al (1958) isolated a mycoplasma and a chlamydia 
from sheep lung. The mycoplasma they isolated did not produce 
pneumonia when injected even intratracheally, but it did produce 
an arthritis in some cases. The chlamydia produced a fairly 
characteristic, though not fatal pneumonia within 21 days. The 
lungs were consolidated in the same areas, particularly the apical 
lobes, which is regarded as typic0_l for enzootic pneumonia. The 
chlamydia isolated by Boidin (1957) was used by Dungworth and Cordy 
(1962a) in transmission trials with lambs. They Hsed it to infect 
a lar�e group of lambs. A febrile response was produced 36 hours 
after intratracheal inoculation, and the respiratory signs 
produced increased until the 4th or 5th day. A programme of random 
slaughter of lAmbs in the group from 1 to 20 days after inoculation 
showed the rapid appearance of lung changes and their gradual 
resolution after t.he fifth day up to the thirtieth <lay. Pnst.eurell�t 
spp. and mycoplasmas were a�sociated with t.he lesions which were 
of longer duration. Lambs which they infected � second time 27days 
aft�r the initial inoculation, responded in a similPr mp.nner to that 
following the first injection. Infection with P.hAPmolytica 40 
hours aftPr infection with the chlamydia plus "stre<::; ;;;, incrPased 
tl'P severity of the clinicnl renction in onP lAmb only. 
The same authors (Dungworth and Cordy, 1962b) isolated chlamydia 
from clinically hPalthy lambs by �irect inoculation of ? suspension 
of faPce� into the yolk sacs of embryonated e�s�. They compAred 
the effect of f>Jl?(lr•tic abortion virus of ewes, the ?nenmonitis viru.� 
and virus of faecal origin on lnmbs. Each agent produced identical 
lesions in lambs when injected int.r.-..tracheally with involvement of 
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the right and left cardiac lobes, but the lung lesions did Vary 
with the position in which the lamb W$!S held during inoculation. 
They consider that agents of the family ChlamydozoaceRe which are 
isolated from enzootic abortion of ewes, from sheer pneumonia and 
from faeces should not be considered as distinct and separate but 
as probably the same strFtin of chlamydia. 
Hamdy and Pounden (1959) in Ohio found that P.multocida, 
P.haemolytica, as well as a virus and a mycoplasma could be isolated 
from pneumonia lesions of slaughtered lambs. H�mdy and Sanger 
(1959) used kidney epithelial cells for cultivation of the virus. 
The agent did not produce cytopathogenic effects in the culture 
but intracytoplasmic inclusion bodies were demonstrated 7 days 
after virus was added to the tissue cultures. The agent became 
more toxic for mice on serial passage so that they died 12-18 days 
after exposure and with consolidation of the lungs. Chick embryos 
died 3-9 days after inoculation and the mortality was 100% after 
the 8th passage. Serological tests indicated that the virus was 
A member of the chlamydia group. 
In A third ]Htper Hamdy et al (1959) describe the experimental 
production of disease in lambs. P. multocida, a chlamydia c:t.nd a 
mycoplasma, each alone or in various combinations were used in 
transmission experiments with or without pre-treatment of the lambs 
with cortisone. The routes of infection were intranasr1_l or intra­
tra.cheal. The results indicated that none of these agents, given 
alone, produced pneumonia. Combinations of any two of P.multocida, 
chlamydia and mycoplasma, prorluced little or no temperature 
response. When the 3 infective agents were combined, pneumonia was 
produced in 2 out of 4 lambs. When 2 or 3 of the infective agents 
plus stress was used pneumonia was -produced in 7 lambs. On necropsy, 
the apical lobes of the lungs were affected in most of the positive 
transmissions. The infecting agents were recovered from many of 
the experimental animals. 
Downey (1957), in New Zealand, cultivated an agent wl�ich 
produced lesions or opacity in the chorioallantoic membrane (CJJ•f) 
of 9 to 10 days old embryonated eggs on at least primary inoculation. 
Filtered lung suspension CAM and P.haemolytica cultures were 
injected intravenously and intratracheally into four-tooth to full­
mouthed sheep. This author considered two transmissions to have 
heen partially succPssful. One transmission with CAH and P.haemolvtica 
was successful, but the ch�nges in the other r.�sP may have been due 
to anaphylAxis. There was R probAble re-isolation of the infective 
agent on C.AH from these experimental sheep but the agent was not 
identified clearly. 
1fYXOVIRUS PARAH"L�,�,,�?.\ TYPE 3 (PI3): The first report of the 
isolation of 211 virus froM sheep with pneumonia WRS by Hare (1966). 
A fuller �ccount by Bore and Stevenson (1967) described the prod11ction 
of experimental pneumonia in lambs with this a�ent. 
Hore et al (1968) carried out f11rther ex:)erimental work with 
PI3 infPction of sheep. They housed 10 lambs ¥-·ith 19 othPrs in 
which there had bePn earlier evidencf' of pneurnoni�. They i�ol;1_ted 
P13 from the lungs of 2 of the experimentAl lambs killed soom after 
they showed a febrile rpsponse and the nasal pflssages of 4 sheep 
of .the remnininz 8. }�vidence of infection with IT) Wf!.S obtained 
by the isolAtion of virus or serological response for a t.ot;'l of 
9 of the 10 lambs. L.l1.£!�n.olytica Wfl� isolated from the lungs of 
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each of the lambs killed for examination pest mortem. t,'ycoo1f!.SffiA.S 
were i �o 1 gted from the lungs of 2 of the 4 lambs ex ami ne(l no "'t 
mortem, and chlamydiae from the other 2. The authors consider 
that tl1e temperature response ?nd lesions of pneumonia of the lambs 
may hAve been due to the combined effect of PI3 with one or more 
of the microore?nisms isolated from the group of lambs. 
Ditchfield (1966) reported tho isolation of PI3 from sheep in 
Canada independently. Evidence of A.ntibody in the serum of sheep 
to the human strain has been obtained in Australia (St George and 
French, 1966) and other countries, l·.s.A. (Woods et al, 1965), 
(Fischman, 1967); Syria (Lange, 1<167); with a cattle strain in 
Egypt (Singh and Ata, 1967). 
PNEUMOI\IA ASSOCIATED WITH OTHER HICROORGftNISHS 
CORYNEBACTERIUM PYOGENJ<;S: Marsh (1938) isolated C.pyo<>enes from 
lung tissue and heart blood in cases in chronic pneumonia in 
Bighorn sheep in Montana. Pasteurella organisms were constantly 
present also. The apical and cardiac lobes were consolidated and 
in some cases the diaphragmatic lobe was affected. Although lungworms 
(Protostrongylus stilesi) could not be demonstrated in many of the 
lungs examined, Marsh considered the pneumonia to be due to 
C.pyouenes infection secondary to lungworm damage. 
Jowett (1930) isolated C.pyogenes from more advanced cases of 
pneumonia in slaughtered sheep particularly those with lung abscesses. 
CASEOUS LYMPHADENITIS: Corynebacterium pseudotuberculosis causes 
lymphadenitis in sheep but infection with this or�8nisrn in the lungs 
is regarded as of minor import�nce. Most attention has been focused 
on the lymph node infection because of its economic importance. 
Seddon (1953a) made a.n extensive review of this infection as it 
affected Australian sheep. In one abattoir survey quoted, 38.8% 
of the affected sheep showed lesions in the lungs. In another series 
lungs were affected in 26.3%- 68.2�� of infected carcases. 
Lesions vary from· pin head size to involvement of most of the 
lung. The abscess contains greenish-yellow, non-odorous pus, whicfu 
is granular in old lesions. Lung abscesses have a characteristic 
appearance on cross-section; the inspissated pus on the edges is in 
concentric layers. Benham and Seaman (1962) in a review of 
C.pseudotuberculosis state that calcification is not a common firi.dinr,. 
CORYNEllACTERI\Jl·f E�UI: Roberts (1957) described a single isolation 
of C.enui from a sheep's lung in Western Australia. The sheep had 
clinically acute pneumonia and was one typical of those in the 
outbreak, which caused a 5% loss in a flock the size of which was 
not given. 
The lungs of this animal showed a purulent pneumonia and 
pleurisy with adhesions. A large proportion of both lungs was 
involved. The mediastinal lymph nodes were replaced by abscesses. 
Chflnges were confined t,o the thoracic cavity. 
STREP'roCOCCAL rt>8UJIONIA: The single account of streptococcal 
pneumonia in sheep is from Norway (�rini and Koppang, 1956). The 
cases came from various parts of this country and were unrela.te'd to 
each other. The animals had a nasal discharge, a cough, were 
listless, not eating and many died after 1-4 d<':'s of illnE>ss. 
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Post � examina-tion showed catarrhal cha.nges in the nasal 
and tracheal mucosa and often pneumonia with fibrinous pleurisy, 
petechial haemorrhages of epi and endocardium and slight slr.'elling 
of the spleen. Cultures from the organs produced mucoid, medium 
sized, smooth, elevated colonies which they typed as Group C 
haemolytic streptococci. Intranasal inoculation of sheep caused 
death in 3 days. Penicillin was effective against the organism 
in vitro and in the sheep the disease was reproduced best with 
nasal mucus. Cultures were less pathogenic and filtrates did not 
produce �ny clinicRl responsP. A complement fixation test detected 
antibodies in the serum of both the ne.tural and the experimental 
cases. The disease also has been observed in eoRts. 
KLJ<..:U.SIBLLA PV!J}'·fnl'.7IA: There is one report of Klebsiella causing 
pneum0nia in shAep. Hindmarsh et al (1931) described two outbreaks 
in wP-stern New S011th Wales on widely separated properties which 
occurred within a few weeks of each other. Both outbreaks were 
during a drought but the sheep involved were in fair condition. 
About 10% of a flock of 400 merino ewes showed signs and B�� 
of the flock died. In the second flock of 1500 ewes and lambs, 
49 died. The disease ran a course of about 6 weeks in the flock. 
The death rate which was never high, gr�dually tapered off and odd 
sheep appeared to recover. The deaths were in one paddock only, 
on each of the properties. Rain and the appearance of green feed 
ended the outbreak. 
The affected sheep fell away in condition and moved away from 
the mob. Thet;' had a 11tucked up" appearance. Their rect<"l temperature 
was 106-107.5 F. f\.nd there was A. mucoid dischnr1:-e from the nostrils. 
'irea.thing was laboured and they had a SUj?pressed painful cough. 
Death occurred up to a week after the first signs appeared. 
On post mortem examination, 2 ounces to a pint of straw coloured 
fluid was found in the pleural cavity. There werP fibrinous deposits 
and pleuritic adhesions in most cases. The lungs showed areas of 
red hepatisntion, these area.s being shRrply deMPrcated from the 
normal lung tissue. The oricnl lobe was affected in all c�ses and 
genern.lly the inferior parts of the mediast.inal e.nd cardiac lobes. 
At times, portion of the Oiaphragmatic lobes were congested or 
hepntised. 
The disease was reproduced in guinefl pi�s, rabbits and sheep 
by intrathoracic Rnd intravenous injections of cul+.ure� of the 
organism and tl1e bacillus recovered from the lAsion. 
TlnJARAEMIA: Pasteurella tulnrensis causes tularal"mia in man and 
animals. Parker Ann Dade (1 g29) described considerable losse� of 
sheep in Honta.nR and Idaho. The disea.se was spread by ticks, Among 
the signs reported were high temperature, loss of condition, lameness 
and in some outbreaks coughing. The post mortem examinations were 
not well described by Dade. 
Lillie et al (1937} revi.ewed the pathology of tularaemia in 
man and anim;rg:- In cases in sheep produced by infected ticks, the 
lungs showed consolidA-tion of either the cardiac lobes or of all 
lobes. In one sheep which h��d been injected with a cult.ure of 
P.tularensis, the lungs contained half a dozen onP-inch rP� nodules 
of consolid�tion.. The cht"�n?P due to tularaemia was a proliferation 
of the interstitial tissue with some exudnte in the Plveoli. 
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The other marked changes were enl:o-r�ernent of the body lymph 
nodes and haemorrhages under the skin near the sites of tick 
attachment. 
MELIODOSIS: This disease, which is caused by Pfeifferella 
��omallei, was first reported in sheep in Queensland by Cottew 
et al  who described an outbreak in sheep in the Winton 
district in 1949 from which they isolated this organism. Between 
80-100 out of 4,000 sheep were lost over a period of 4 months, 
The affected sheep were first noticed to be staggering, and 
later they became too weak to travel. Finally they became 
recumbent and died in 1-7 days. The sheep were 6, 7 and 8 years 
of age. 
Necropsy revealed numerous Ftbscesses in the lungs, up to 
1.5 em in diameter in one case and some animals also had abscesses 
in the spleen, On histopathological examination, the large 
encapsulated abscesses contained densely stained nuclear debris 
derived chiefly from decayed neutrophils. 
ASPERGILLUfl FUMIGATUS: Eleven cases of pulmonary asl!ergillosis 
in the United Kingdom were reported by Austwick et al (1960) in 
lambs. The seven lambs, whose ages were from 6 days to 3 weeks old, 
either steadily lost condition or were found dead. On post mortem 
examination, the lungs had greyish white nodules 0.5 mm - 3 mm in 
diameter surrounded by a narrow haemorrhaeic zone. One lamb had 
almost completely consolidated lungs. Aspergillus fumigatus was 
seen on direct microscopic examination of material from the nodules 
in the lungs. Reddy (1963) noted mycotic pneumonia in sheep and 
goats in India. 
MYCOBACTERIUM TUBERCULOSIS: In his book "Tuberculosis in Animals 
and M�n", Francis ( 1958) has reviewed the published information 
on tuberculosis in sheep. He reported that the incidence of 
tuberculosis in sheep is low. The table (Table 2.1) reproduced 
from his book supports this view. The highest incidence shown 
in this table was in a German abattoir survey in 1914-1918 ascribed 
by Francis to Harshfield and Roderick ( 1934) namely 0. 14 - 0.22% 
of an unspecified number of sheep. Harshfield and Roderick listed 
17 cases of tuberculosis found in sheep in the U.S.A. by Federal 
meat inspectors in 95,303,353 carcases (0.0002%) a. vanishingly 
small percentage. They also describe 7 generalized cases of 
tuberculosis in sheep confirmed at their laboratory as being 
caused by the avian tuberculosis organism. 
Francis also gives other evidence that human, bovine and 
a,vian strains of Myco. tuberculosis have each been isolated from 
sheep with tuberculosis lesions. Each strain has been isolated 
from generalised cases. However, on the evidence from experimental 
work that he cites, the sheep appears less susceptible to experimental 
infection with the avian stra.in than to either the human or the 
bovine strains. 
Author 
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TABLE 2.1 
TilE INCIDENCE OF TUDERCULOSIS IN SHEEP 
l'lacc Nu. 
r.rc.·nth'-!<" 
tu\..no;-tJio)lJ•I -----
<;:unfinn<"d on 
matiOn. 
;g:��i I E� ���rn 1''���:��� I ��: : I� �. :�.1c.ctcd cuunol I Jnhorotory cx:am-Thornton (1949) 11)'16 Dritnin <o·oo• ----------- -----:-----Fricdbcrgcr and t888 llcrl in )40,000 
Fri:ihner (19o8) 
181)o Berlin 0"0048 Cnrmichnd ( rQ]lla) 
Cormidu,el (I?J8a) ,,.,., Saxony o·o6 Previuualy confused 
w1th pseudo-
tuberculo-'it. 
Cobbett (1917, flll} 1895 Saxony 1)2.578 0"13 
Vol�c und P��onisset 1904-12 German o·t]-O"l::.t 
(t9:to) ub attoin 
Hurshf,eld and 1914-18 German 0"14--o'l:l 
HoJcricK (1934) nbnttoiu 
Edelmann, Miihlcr ond 1918 Gcrmun 
Eichhom (tQ�?) Empire 
Cobbett (IQI7) 1•)08 U.S.A. Io,ooo,ooo 0"004 
1 Fddmnn (19)811) 19Z8-J6 U.S.A. 1"2 million Ltss than 
!jOCII61:8 
tt:st in Cumichad (r9J8a) 1'))8 Ugand& ,, 6o Tuberculin 
I one Rock. Non:-
'-� oction9 in 'fO other shrep. 
Tnhle from l�rnncis (195R) ''Tuberculosis in Animnls 
nnd Hnn'', p. 172, Tnh1e 25. 
Seddon (1953b) reported the occurrence of a single case of 
tuberculosis detected in the carca.se of a sheep at an abattoir in 
Queensland. The type of the causal or��nism was not given. No 
othPr instances of tuberculosis of sheep in Australia have been 
reported. 
-
RICKETTSIA 
Caminopetros (1949), as cited by Shirlaw (1959) in his 
review, described �tn outbreak of pneumonia in sheep caused by 
Rickettsia burneti in the Balkan countries which spread to goats 
and to humans. However, examination of the original article by 
Caminopetros revealed that it contained no evidence that R.burneti 
caused pneumonia in sheep and very little serological evidence 
th�t sheep could be infected by the respiratory route. No other 
eTidence was found in the literature Caminopetros cited, or else­
where which suggested that R.burneti was a cause of pneumonia in 
sheep. 
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OTHER POSSIBLE VIRDSF.S 
Gilbert (1937) described a disease of sheep and goats in 
which about 20% of the sick animals showed a pleuropneumonia. A 
filter passing agent obtained from a sheep's nose produced the 
disease in a goat. The account of the experiments is not very 
detailed, and the nature of the filter passing agent is undeter­
minate. 
Marcos et al (1946) described a pneumonia of sheep (peracute, 
acute or chronic) which also had as a prominent sign, the formation 
of vesicles on the gums and li-ps. It i� not cleAr wlH1_t a9ent they 
werP dealing with as it was not is·olated. Ramirez et al \19S1) 
isolated an azent from the consolidated areas of one sheep's lungs 
and passaged it 19 times in eggs but they did not attempt trans­
mission of the isolated agent in sheep. 
PARASITIC PNF.UMONIAS 
In his review of pneumonias, Stevens (1957) lists four species 
of lung worms which infect sheep lungs in the United Kingdom ­
Muellerius capillarus, Dictyocaulus filaria, Protostrongylus 
rufescens and Pystocaulus ocreatP.s. Seddon (1952) reports that 
the first three of these s:pecies a-re found in Australia but that 
M.capillarus is seldom found in lambs less than six months old 
and that older reports of infection with P.rufescens are probably 
inaccurate as this species has seldom been found in Australin. 
Stevens considers nearly all sheep are infected with one or other 
of these parasites but not many have heavy infections. He quotes 
Rose (1955) as hAving found 99.5% of almost 4,000 sheep lungs at 
an abattoir in U.K. as being infested with lullg worms. The sheep 
came from v�rious parts of England. Infection with D.filaria is 
common in Australia thoueh definite figures are not well establiShed. 
Some information on incidence is given by Seddon (1967): New South 
Wales, up to 40% in sheep from some areas killed at Homebush 
abattoirs; South Australia, 17•7% in one high rainfall district; 
Victoria, a summary of a survey of pneumonia presumed to be dueW 
D.filaria is shown in Table 2.2. 
TABLE 2.2 
---------
Ll'lmbs Sheep 
Di stri_ ct 
Killed Infested Killed Infested 
Per cent Per cent 
:.ri rnmera 211 9.5 195 o.o 
\.,.'"'stern 8,176 10.1 1 '311 18.8 
Northern 806 1. 2 167 0.9 
urtil-Centra.l 5,6R6 10.0 599 1. 3 
CPnfrfl 1 2,394 23.7 714 43.0 
\orth-P1'1St.ern 7,095 4.8 334 9.0 
tl-i pp�land 1 '528 88 ... 
1\ P""'" rket. Saleyarrls 19,486 16. y 5,969 
Total . . 60,097 16.7 9,109 11.2 
Table from Seddon (1967). 
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The usual sign of infection with lung worms is coughing 
in the flock. This is normally the extent of the signs which can 
be directly attributed to lung worm. As intestinal parasites are 
usually found in the same animal, any loss of condition is usually 
attributed to these and not to the lung worms. 
Acute respiratory distress occurs in massive infections with 
D.filaria. Cole (1961-62) mentions these infections as occurring 
in New South Wales. In an outbreak seen by the writer in South 
Australia in 1960, sheep showed dyspnoea and some collapsed and 
died in a few minutes as soon as the flock was disturbed or driven. 
Pathology 
D.filaria infection produces atalectasis of the posterior 
borders of the lungs in wedge-shaped areas. M.capillarus infection 
which is difficult to distinguish from P.rufescens infection is 
found in the alveoli and lung parenchyma, commonly producing greyish 
nodules in the subpleural tissue of the diaphragmatic lobes and 
shot-sized inflammatory areas surrounded by fibrous tissue .. 
Calcification of these lesions is common .. Small �ritty or necrotic 
�rf>aS are commonly found in the mediastinal lYtnph nodes, which 
contain parasitic debris, surrounded by an inflammatory zone in 
which giant cell formation is a feature (Seddon, 1952) .. 
In the acute outbreak of D.filaria infection seen, the lungs 
did not collapse when the thor;;(�():pened. The lungs were a 
normal colour but every bronchus was plugged with worms .. 
Stevens (1957) considers thC�t lungworms are not the cause 
of jaagsiekte because of their widespread occurrPnce and different 
incidence within the flock.. This aspect has also been thoroughly 
investigated by Dungal et al (1938). Extensive investigations were 
made by Duneal et fll into the possibility rA.ised by r�'F!>dyean in 
papers published in 1894 and 197-0 that lungworms were the C!l_Hse of 
jaagsiekte. Approximately 1,000 lungs from sheep farms with the 
disease and 41,000 from farms free of the disease were compared, 
The incidence of M.capillarus was 91 per cent in the diseased flocks 
and 86 per cent in the healthy flocks. Fourth stage l�rv�e from 
j&Agsiekte-infected lungs of Iceland sheP� were put into ? British 
sheep at Veybridge.. Neither sheep was found to have developed 
jaagsiekte after R months though there wa� evidence thHt the larv�e 
had reeched the lungs. 
Diethylcarbamazine is an effective treatment when given orally 
or by subcutaneous injection as is Cyanacethynrazide given by 
subcutaneous injection on 3 successive days (Seddon, 1967). A more 
practical treatment is oral dosing with thiabendazole (Robinson, 
1966). 
INHALATION PNEUMONIA 
The common causes of inhalation pneumonia are faulty dipping 
and drenching procedurPs.. The sheep becomes sick ahout 3 days after 
being subjected to these procedures and deaths occur from then up 
to about 14 days later. 
Clinical Signs: Usually a number of sheep in the flock appear 
depressert. They may have temperatures of 1040-106oF, a rapid 
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respiratory rate, inj ection of the mucus membr�nes and the breath 
is foul smelling. 
Post mortem examin�.tion: The lungs are partly consolidated, 
particularly the lower border of the diaphragmatic lobes. The 
colour is variable and may be yellow,green or red. There is often 
a purulent pleurisy which may have extended to the pericardium. 
Sometimes traces of the drench can be found when the consolidated 
area is incised. 
PNEl�nNIAS CAUSED BY PLANTS 
Two plants, Wedelia asperrima ( Yellow �aisy ) and Verbesina 
enceloides (Crown Beard) have been implicated in Australia as a 
cause of pneumonia. 
There is very little evidence cited by Hurst (1942) incriminating 
Wedelia as a cause of poisoning of sheep in the description of the 
poison plants of New South Wales. The most prominent sign observed 
in sheep eating Wedelia was pneumonia. Mulhearn (1939) described 
one feeding experiment. The signs produced were depression, quivering 
of the muscles, and respiratory distress. The lungs were .  found to 
be congested and the abomasum inflamed on post mortem examination. 
Some of the field mortalities in shipments of rams he cites may have 
actually been due to salmonellosis. 
Hurst quoted many reports in which Verbesina was suspected of 
causing death in the field and describes the feeding experiments 
carried out with it. Most animals were found dead without signs 
being observed. In feeding tests the sheep sometimes e.ppeared dull 
and listless with shallow, accelerated breathing, and in some cases 
the faeces were blood-stained. The main post mortem changes were 
acute congestion of the lungs and 11much pleuritic effusion 11 ( Hurst, 
1942). 
Bruce (1934) was cited in Shirlaw's review as. ha.ving described 
a disease of range sheep in Canada followin� poisoning by a plant 
Astralyus ca.mpestris. Pneumonia was secondary to the poisoning .. 
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3. PRELIHINARY INVESTIGATI,JN: A SL'MMARY OF THE CHARACTERISATION 
OF A CYTOPATHOGENIC AGENT ISOLATED IN TISSUE CULTURE FROH 
SHEEP WITH PNEUHONIA 
The interest in pneumonia in sheep in recent years was prompted 
by the deaths of stud ram lambs in Victoria and Tasmania, apparently 
caused by a 'summer pneumonia' (French, personal communication). 
Preliminary experiments to transmit this pneumonia by injection, 
by variDous routes, of an agent which had been isolated in tissue 
culture (TC) were unsuccessful (French and Snowdon, unpublished). 
The investigation described here followed from the work of French 
and Snowdon at Parkville, Victoria. 
The first undertakin� was to characterise a cytopathogenic agent 
which French (unpublished) had isolated in bovine pancreas (BP) tissue 
culture, from the lungs of a sheep which died of pneumonia in 
Tasmania. An initially unsuccessful attempt was m�de to isolate 
bacteria or mycoplasmas from TC in which this agent (Tas 1) had grown. 
The agent (Tas 1) produced complete cytopathic effect (CPE) in 
RP in 6 days and also grew in bovine adrenal, thymus, thyroid, 
kidney (BK) and testis (BT) TC. The response of the agent to various 
treatments is shown in Table 3.1. These physical characteristics 
indicated that the agent was not a virus. A renewed attempt by Hr. 
G.S. Cottew of this laboratory succeeded in isolating a mycoplasma 
from TC infected wit� this agent. 
In the first year of investigation, five similar cytopathogenic 
agents were isolated in TC from sheep lungs and subsequently shown 
to be mycoplasmas by growth on solid medium. Three of these agents 
produced CPE in BP tissue cultures after passage in non-living media. 
TABLE 3.1 
The physical characteristics of a cytopathogenic agent isolated in 
bovine pancreas cells from lung material collected from a sheep which 
died of pnenmonia in Tasmania. 
Titre Duration 
Treatment Initial Final of 
Log10 Loe10 
Treatment 
Storage 4°C 6.5 0 36 days 
" Room Temp. 6.5 0.6 15 days 
" 50°C 6 0 4<:8 minutes 
" 56°C 6 0 2 minutes 
Sonication 6.2� 4.5 4 minut""s 
!Membrane filter ma.x. pore 800 mu, 6 0 -
Chloroform 5:J' 6 0 10 minutes 
Ether at 40C 6 0 19 hours 
�enicillin 5000 units/ml 6 0 6 days 
Streptomycin 5000 units/ml 6 0 6 days 
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4, INVESTIGATION OF OUTBREAKS OF FNEUNONIA IN FLOCKS OF SHEEP 
4 (a) MATERIAL COLLECTF.D PRINCIPALLY FROH A DIAGNOSTIC LABORATORY 
Introduction 
Prom the literature survey and personal experience, the most 
likely form of pneumonia to occur in Australia w�s enzootic pneumonia. 
The investig�tion on material from field outbreaks of pneumonia, was 
concentrated on isolatin,� a virus or a chln.mydia. The emphasis 
changed from time to time as the investigation developed, but 
basicRlly proceeded along the following lines:-
(a) Access to specimens from pneumonic sheep submitted to the 
Veterina.ry Res�arch Institute (VRI) was provided by courtesy 
of Dr. E.H. Pullar, D.V.Sc. On most of the occasions when 
specimens of pneumonic lungs were submitted to the VRI for 
cultural tests; or living or dead sheep were submitted for the 
same purpose; or pneumonia was an obeervfl.tion made in the course 
of the post mortem examination of sheep submitted for some other 
rea,son, samples of tissue were collected by the "'riter and such 
history obtained as wa.s a.vaila.ble. 
(b) Field investigations were initiated by contA.cting the owners 
of some of the sheep submitted to the VRI, in which pneumonia 
had been diagnosed, and in re�ponse to requests by privately 
employed or official veterinarians. The extent of the 
investigation depended on the ahility and willingness of the 
owner to coopera.te. 
Material and ; .. rethods 
Tissue Cultures: Tissue cultures were prepared from calf kidneys 
(BK), pancreas (TlP), and testis (BT) and. lamb kidneys (LK) and 
lamb testis (L'i'). The BK, BP a.nd LK were grown in Hanks 1 balanced 
salt solution (BSS) (Hanks and Wallace, 1949) plus 0.5% lactalbumin 
hydrolysate and 0.11� Difco* yea.st extract. •rhe B':' and L'f were 
grown in Mairl.in's solution then maintained in Hedium 199+ with a 
reduced level of glucose (0,05% instead of the usual 0,1%) and 45 
ml of 5.6% of sod.ium bicarbonate solution added per litre of medium. 
Ten percent of ox serum was added to the growth medium and 3% t� 
the maintenance medium. In retros_pect, it was found that the serum 
used in 1963, 1964, 1965 and early 1966, in the tissue culture 
media had antibody to PIJ virus. After this time, a sufficient 
supply of serum obtained from foetal calves or newly born colostrum 
deprived ca.lves was secured so that BK or LK grown a.nd maintained 
in this serum were available.. Ox serum shown to be free of 
Myxovirus parainfluenza type 3 (PIJ), mucosal disease virus (HD) 
and infectious bovine rhinotracheitis virus (IBR) antibodies WRS used 
in the medium of BK cultures used in neutralisation tests. 
* Difco Laboratories, Detroit, Michigan, U.S.A. 
:J: CommonwE>Eilth Serum Laboratories, Melbourne, Australia. 
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Virus Isolation: Tissues collected from sheep were ground with 
sterile alundum in beef heart infusion broth or Hanks' solution 
with an additional 5000 units/ml of streptomycin. Later 1000 �g/ml 
tylosin tartrate* was substituted for the streptomycin. After 
centrifugation 0.1 ml amounts of the supernatant fluid were 
inoculated into each of 4 to 8 TC. These cultures were examined 
for cytopahtic effect (CPE) at intervals, until the tissues aged. 
If CPE did not develop the cells wPre scraped off the glas�, pooled, 
and 0.1 ml amounts were passed to other tissues. This was repeated 
2-6 times. From 1965 on, the tissue cultures at each passage level 
were checked with guinea pig RBC for evidence of haemadsor ption, 
in an adaptation of the method of Vogel and Shelokov (1957). This 
had bePn done sporadically earlier but was adopted 8S a routine 
when antibody to a human str�in of PI3 virus was found in sheep 
serum (StGeorge and French, 1966). 
Chlamydia Isolation: Sheep lung was inoculated into the peri toneR! 
cavity of guinea pigs and the yolk sac (YS) of embryonated eggs but 
the use of guinea pigs ceased after it became apparent that they 
were refractory to sheep strains of chlamydia. Embryonated eggR 
were inoculated with suspect material after 5, 6 or occ�sionally 
7 days of preliminary incubation. lfat.Prial for inoculation was 
ground with §_terile alundum in beef heart infusion broth and 
Tyrothricine+, Streptomycin, sodium sulphadiazine solution, (modified 
TSS) (Lennette and Schmidt, 1964) and from 1966, 1000 �g/ml tylosin 
tartrate was added to the TSS. Eggs were inoculated with 0.2 ml 
of supernatant fluid into the yolk sac, then incubated at 35°C and 
candled daily. Deaths occurring less thA.n 2 day:::: after inoculation 
were considered to be non-speciflc. The yolk ::::acs from embryos 
dying more than 2 days after inoculation were removed by an aseptic 
technique and impression smears were made of ::::m8ll pieces of yolk 
sac washed in saline. These smears were stained by Rivers' modific­
ation of CastenadR's method (Anon-) and examined for elementary 
bodies. The yolk sacs of eggs which died 2 days or more after 
inoculation were passed to other eggs. The yolk sacs of eggs that 
were �live At the 18th or 19th day of total incubation were pooled 
and passed to further ba.tches of embryonated eggs. If an impression 
smear contained bacteria, the corresponding yolk sac was discarded. 
If no pattern of deaths was esto,blished by the 3rd to the 6th egg 
passage, that particular investigation was discontinued. From time 
to time, dead embryos were checked for the presence of mycoplasmas 
by cultura.l methods but thesP organisms were never Ot:>tected in this 
way. Additions! checks for the presence of significant numbers of 
bacteria in yolk St1C� by cul t.ure on ox blood nr;;:Jr were made but in 
each case when bacteria were detected by this method, +,hey had 
alrPndy been found in the impression smears, 
Mycopla.sma,s and Ba.cteria 
The culture of mycoplasmas and bacteria was carried out by 
Mr. G.S. Cottew or lfr. F.A. Yeates and will be rennrted by them 
elsewhere. Whenever the presence of mycoplasma� was suspected in 
* Tylan, ElAnco Australia Pty Lt,d, .S::nln�"y, Austrnli'l. 
t Koch Li�ht, GermRny 
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TC fluid, cells from the TC were cultured on solid media. As t.he 
investigation developed most of the samples of lung were examined 
for mycoplasml'l.s and aerobic bacteriE�_, by direct culture, on solid 
mediFl. 
Histolouy 
Pieces of sheep lung obtained at �t mortem examination were 
fixed in phosphate buffered, 10% form��l f';aline and sections cut 
from these were stained with haematoxylin and eosin (H & E), giemsa 
or azure-eosin (AE). This work was carried out by Hr. A.W. Rowlatt, 
A.A.I.M.L.T. 
Serology 
Blood samples werP collected from sheep which were to be 
ex:'lmined post mortem. Serum from these blood 8emples was inactivated 
a.t 56°C for 30 minutes then stored at -20°C until thawed for testing. 
Haemagglutina�ion inhibition (HI) tests were performed as 
described by Lennette and Schmidt ( 1964) with guinea-pig red blood 
cells. Complement fixation (CF) tests were performed with chlamydia 
grouj> antigen prepared by tbe method of Done (1955), substituted 
for Influenza antigen but otherwise as described by Donnelley (19"1). 
Serum neutralisation (SN) tests were performed in the following 
manner. For an initiAl test: for presence or absence of antibody, 
a unit volume, 0.5 ml or l ml of serum wAs mixed with an equal volume 
of Hanks' BSS which contained approximately 100 tissue culture 
infective doses at a 50',- end point (TC IDso) of the particular virus 
used in the test. If the titre of the antibody in the serum sample 
were to be estimated then serial dilutions were made in 3 fold 
steps. A separate pipette was used for each step in the dilution 
series. The virus-serum mixture was allowed to stand at room 
temperature for 1 to 2 hours. After this time 0.2 ml amounts were 
inoculated into each of 2, 4, 5 or 6 TC depending on the accuracy 
required for the particular test. The TC used were usually 
secondary BK but on some occasions secondary LK were used. 
The tests were read at 5 to 7 days, the time depended on other 
pressures on the use of equipment. Preferably, the tissue culture 
monolayers were examined for CPE after 7 days but if the tests were 
read earlier than this, sufficient guinea pig R�C were added to each 
TC to give a final concentration of 0.01%. The TC were then left 
at room temperature for one hour after which they were examined 
with a microscope for evidence of haemadsorption of RBC. Titres 
were calculated by the method of Reed and·Muench (193R). 
Clinical Histories: Some background information was obtained 
about most of the sheep from which pneumonic lung was obtained. 
In mRny instances the information was sketchy as very little history 
accompanied some specimens. The information which has been 
considered for analysis was that contained in the history sent with 
specimens to the Veterinary Res&Arch Institute or derived from the 
initial visit by the writer to a farm on which an outbreak of 
pneumonia. had occurred •
. 
The sheep which were examined in subsequent 
visits or field trials on the farm have not been included.to avoid 
giving the few flocks from which many samples were obtained undue 
influence in the analysis. In all, 91 sheep from 62 flocks were 
considered .. 
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Th� information soUght was the owner'� name and address, date 
of occurrence of illness in sheep, breed of sheep, age, sex and in 
some instances morbidity and mortality of the flock. Before some 
of the sheep were killed, serum samples were collected. These were 
later tested for PI3 SN antibody and chlamydia CF antibody. The 
lungs were examined for lesions of pneumonia, abscesses, pleurisy 
and lungworms. The lesions visible on the surfaces of each lobe 
were recorded. Lung material was cultured for bacteria, mycoplasmas, 
chlamydiae and viruses. An assessment was made as to whether the 
type of pneumonia was acute or chronic and the status, that is, 
was the pneumonia the primary reason for the illness of the sheep 
or was it secondary or incidental to some other condition? 
The data from the history, observations and results was 
partially coded and punched onto Hollerith cards. The data was 
sorted on each category in turn by the use of a sorting programme 
on the CDC 3600 computer, CSIRO, Canberra. 
Since the changes in the lungs, with very few exceptions, 
could not be put into categories, the histological observations 
were not considered in relation to the rest of the data. 
Results 
The sheep originated from all major districts of Victoria plus 
one area in South Australia and one in N.S.W. The breeds represented 
in order of frequency were Merino-British Breed crosses, Dorset 
Horn, Merino, Corriedale, Romney-M8,rsh, Border Liecester and South­
down. 
The ages of 77 of the sheep were known and ranged from 2 weeks 
to 8 years. Eleven (14%) of the sheep were less than 6 months old, 
47 (61%) between 6 and 12 months and 19 (25%) were over 12 months. 
The order of frequency of the sexes was wethers, ewes and rams. 
The information on morbidity and mort�lity was scanty and had to 
be treated with some reservation as in many cases it was not known 
what the flock size was and whether the percentage of deaths 
reported were out of a single flock or all the sheep on the farm. 
High morbidity 80-100% occurred only in flocks of sheep less than 
12 months old. In others the morbidity was about 3-8% of a flock. 
The mortality was never very high. The highest mortality reported 
was 20% but represented only 13 deaths in a flock of 63 rams. In 
larger fiocks the highest percentage mortality reported was 7-10 
in a flock of 300-400 weaners, but in most flocks percentages were 
"-5. 
Of 35 serums tested for PI3 SN antibody, 28 (80%) contained 
antibody and none of 32 examined were positive for CF antibody to 
chlamydia. 
Twenty-two lunzs in this Series were cultured for chlamydiae 
without a positive result. All 3 attempts to isolatP chlamydiae 
from fresh faeces of pneumonic sheep were successful (Section 5). 
PI3 was isolated from 4 lungs in this series from sheep froM 3 
farms. The description of the successful attempts and a fuller 
report on the histories of the relevant flocks is given in Section 
6. 
Of the lungs where lesions were recorded, 44 (4R%) had lesions 
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in all 7 principal lobes of the lungs. The freqttency .of lesions 
visible from the surface in lobes was right apical 65�a, left arical 
57;:�, right cardiac 59%,, left cardiac 575·�, intermediate 53%, right 
diaphragmatic 56% and left diaphragmatic 60%. Not all lesions were 
visible from the surface particularly in the diaphragmatic lobes. 
Pleurisy was recorded in 15 (17%) cases. All 4 of the sheep 
in this series from which PI3 was isolated had pleurisy. Lung 
abscesses were found in 7 cases. D.filaria were found in 12 sheep 
but in only 1 instance were the numbers of worms sufficiP.nt to be 
regarded as the primary cause of all the lesions observed. In the 
other ceses, the lung worms were found either in association with 
one or several usually wedee shaped lesions or as an incidental 
finding in bronchioles not apparently associated with particular 
lesions. The presence or a bsence of lung worms was not always 
recorded for material referred from VRI so that this information 
was not complete. NodulAr lesions apparently due to M.capillarus 
infection were found in 2 sheep. 
Mycoplasmas were isolated on solid media from 37 out of 66 
lungs ( 56�) . In all 15 cases where mycoplasmas were detected by 
CPE in TC they were also cultured from the TC on solid media as 
well as being found by direct culture of lung. Bacteria were 
isolated from 29 out of 59 (49%) of lungs. Of the 29 bacteria 
isolated, 14 were classed as gram negative bacteria but werP not 
further identified though they resembled Pasteurella spp, 5 were 
identified as being similar to F .. hR.emolvtica, 2 were identified as 
P.multocida, 5 were identified as Corynebacteria sp and 3 as Neisseria 
sp. 
The pneumonia was regarded as acute in 43 of 63 cases (6R%), 
where an assessment was made. P:r;teumonia was regarded as the primary 
ca.use for attention in 51 of 75 sheep (68%) where sufficient 
information was recorded.. In the others, the pneumonia was not 
regarded as the primary cause of the condition of t,he sheep or it 
was discovered incidentally. 
With much of the relevant data not recorded, only few correlations 
between factors yielded meaningful information. Some comparison of 
the frequencies of observations and results correlated particularly 
with age of the sheep are shown:-
Status of the pneumonia; 
<1 year primary pneumonia 30/48 (62?;) 
>1 yeRr 5/14 (36%) 
Type of pneumonia; 
-.:1 year acute pneumonia 24/34 (70/;) 
>1 year 5/14 (36%) 
Presence of mycoplasmas; 
<1 year 29/47 (62%) 
>1 yeRr 7/15 (47%) 
Presence of gram negative bacteria; 
<.1 year Positive 17/47 (36 S) 
.>1 year 4/12 (3)%} 
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Other correlations are:-
Status of pneumonia in relation to gram negative bacteria; 
Chronic pneumonia 
Acute pneumonia 
3/9 (33%) 
9/30 (30%) 
positive 
positive 
Status of pneumonia in relation to type; 
In sheep with acute pneumonia it was the primary condition 
in 33/36 (90%). 
In sheep with chronic Fneumonia it was the primary 
condition in 6/18 ( 33%). 
Status and type of pneumonia in relation to season 
In summer (December - April) 73% of 30 flocks had acute 
pneumonia and in 81% of 43 instances the pneumonia was the prima�y 
cause of attention. In the balance of the year (May - November) 
57% of 14 were acute and 43% were the primary cause of attention. 
The common factors relating to the sheep from which PI3 
was isolated are; the sheep was under 1 year of age (5-8 months); 
the sheep was dead in 3 cases and moribund in the other case; the 
pneumonia was acute and was the primary condition observed; there 
was fibrinous pleurisy; mycoplasmas and gram negative bacteria were 
isolated; no lungworms were detected. 
Pathology 
The gross appearance of the lungs was variable. Usually lesions 
could be seen as soon as the thoracic cavity �as opened but 
occasionally the lesions were only about 1 em • As the emphasis 
was on obtaining pieces of lung aseptically for culture the 
examination of the lesions was consequently curtailed. The lesions 
most commonly seen were areas of consolidation which could involve 
the whole or part of a lobe. Some lesions were interspersed 
irregularly between areas of normal tissue. The colour of lesions 
varied from purple to pale grey. The distribution of some gross 
lesions is shown in Figures 4.1, 4.2 and 4.3. 
Some lungs had numerous abscesses varying in size from a few 
mm to 4-5 em. The contents varied in consistency from thin liquid 
to caseo-calcareous. The colour varied from light yellow to grey­
green. 
On two occasions miliary nodules containing M.capillarus larvae 
were found. The lungs of a sheep with an acute infection with 
D.filaria is shown in Figure 4.4. 
Histopathology 
The examination of the sections did not contribute greatly to 
the differentiation of pneumonia. There was clear evidence of 
pneumonia in all the 71 sections of lung examined. Some of the 
macroscopic changes seen in the thoracic cavity were confirmed 
microscopically. A photomicrograph of nv�mal lung is shown in 
Figure 4.5. The wall of an absceSs is shown in Figure 4.6. 
Lungworm and lungworm larvae are demonstrated in Figures 4.7 and 
4.8. 
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FIGURE 4.5 H & E (x40) 
Th1s 1s a section of normal lung. 
FIGURE 4.6 H & E (x40) 
This sect1on is from the wall of an abscess in the 
diaphragmatic lobe of the lung of a sheepo Pressure 
from the wall of the abscess has caused compression 
atelectasis. 
FIGURE 4.7 H & E (x40) 
Thls section is from the lung of a sheep with a massive 
lungworm infection which caused occlusion of the 
bronchioles. Cross-sections of the adult D.filaria can 
be seen. 
FIGURE 4.8 H & E (x40) 
In th1s photomicrograph larvae of D.filaria can be seeno 
There is a marked neutrophil reaction 10 the lung tissueso 
FIGURE 4.9 H & E (x40) 
Th�s sect1.on is from the lung of a sheep from which 
M*xovirus parainfluenza type 3 was isolated. In this 
p otomJ..crograph the patchy distribution of necrocitic 
areas can be seen as dark stained areas against the 
lighter background of living tissues. 
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The sections of lung from the sheep from which PI3 was isolated 
showed extensive areas of pneumonia within which lesions of varyin� 
age and stages of development were intermingled. The chan�Ps in 
the individual areas varied from oedema through catarrhal to 
necrotic pneumonia (Figure 4.9). There was extravaSation of RBC 
into the A.l.veoli plus debris, mucus and polymorphonuclear leucocytes. 
The intrP-Rlveolar walls were oedem�"tous and contained en increased 
number of cells. 
The more common lesion seen was an l'trefl_ of atalectasis. The 
edee of the area did not coincide with the boundary of a lobule 
but cut across 2 or more lobules with �rPas of normal lun!: 
immediRtely fl.djacent. The line of division bet'·'PPn norm"!.l and 
abnormal tissue could be continuous across lobules in adjacent 
lobes. The nren,s of collapse varied from R fpw alveoli up to the 
full area of the section. The areas of collapse were not artifRc+s 
rJS fibroblasts were seen in the areas of collapse an_(l some of the 
��C had lost their sharp outlines. There was also a proliferation 
of t,he alveolar epithelium, and areas of proliferation of lymphoid 
tis�ue. A variety of staees from recent collapse to advanced 
organisation could be seen in different parts of a section from a 
single lung. 
In <'ilmost all the sections examined no evidence of lun�worms 
was seen. The exceptions were those few lungs where lungworms had 
been seen macroscopically. 
Discussion 
All of the relevHnt information on which the analysis was bBsed 
was not available with every s2ecimen and was obtained only in 
retrospect on other occasions. In any future investigation more 
attention should be paid to obtaining more of the details which 
may throw more light on the significance of t he various mirroorgani�m� 
isolated. One major handicap has been the insidious nature of much 
of the pneumonia. 
The breed frequency reflects the sheep popule.tion in the 
�rer served by VRI and is not a� objective assessment of breed 
susceptibility. Because of the highly season?.! spring lambing in 
Victoria there are large numbers of sheep aged 6 - 12 months in summer 
when the highest morbidity occurred. The summer peak of acute and 
primary pneumonia could be due to the btr:!P numbers of weRners in 
the sheep population at that time, or it may be due to the hot 
weather or the seasonal nature of an infection. Hpwever, pneumonia 
was not restricted exclusively either to weRners or to the summer 
period. 
The microorganisms isolated from lungs were PI3, mycoplaS!l1FIS 
and bacteria which were principally srnm negative. Of the bacteria 
identified as pasteurellae five strains closely resembled 
P.haemolvtica but identification has not been fully completed. 
P.haemolvtica he:=:; not been reported in sheep in Australia and its 
significance is unknown, though as described in the literature 
survey, it, is considered of significnnce in U.K. and rr.·�.A. No 
survey of mycoplasmas in normal sheep lungs h�s been made so that 
the si !:'ni.ficA.nce of the mycoplasmas also has yet to be assessed. 
The mycoplasmas isolated from pneumonic lun?s are at pre�Pnt heinz 
cla.ssified by Mr. Cot.tew. 
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A significant point about the role of bacteria in pneumonia 
is the number of lungs ( 51% of 59) from which no bacteria were 
1solated by the methods used. 
If PI3 is an important initiating cause of pneumonia, the 
infrequency of occasions on which the virus was isolated could b� 
partly accounted for by the high frequency (80%) of PI3 SN 
antibody as indic�ted by those serums which -were tested. Once 
antibody was present it would be too lcte to expect to isolate the 
virus from the corresponding lung. 
No evidence of infection of lungs with chlamydiae was found 
by culture or serology but the number of eg� passages may have been 
insufficient to detect small numbers of these organisms so the 
possibility that they played a part cannot be excluded. A chlamydia 
was certainly present in the faeces of animals in 3 flocks where 
outbreaks occurred. 
The recording of lesions by lobes was undertaken because of 
the work of Boiden et al (195R) who showed that the experimental 
pneumonia. produced by intracheal inoculation of chlamydiae plus 
mycoplasmas or Pasteur,elJ ae ha<l a predeliction for the apical lobes 
partiCularly the right apic�l. The rirht apical lobe was most 
frequently affected in the seri e:=: reported here but. not �rP?tly 
more so than the otl1er lobes. The gross lesions illust.rf't .. n by 
Boiden et. al ( 195A ) end Dungworth and Cordy ( 1962a ) are similar 
to some of the lP�ions seen in Victorian sheep. Though the gross 
lesions are simil�=�r in apper�_rance they do not have the same 
distribution in the lungs. 
Another factor that is different in Victoria from North 
America is that the sheep with pneumonia were usuAlly on their 
home farm, whereas some of the sheep in U.S.A. and TT.K, had been 
shipped from other aref!s prior to the outbreak of pneumonia 
(Newsom and Cross, 1923. ; Montgomerie. et al, 1938). Hov�rnent. may 
ha.ve a.llowPd expo sure to infection or have increased the severity 
of clinical signR. 
The damage done by lungworm appears to be a minor factor. 
D,filaria was present in small numbers on most of the occasions when 
it was present. It may have been wrongly blamed for much of the 
pneumonia reported in the abattoir survey in Victoria ( Seddon, 1967 ) . 
!'-lost of the sheep were too young to have encountered H.capillarus. 
The sheep from which PI3 is most likely to be isolated in 
Victoria is a weaner which dies acutely in a primary outbreak of 
pneumonia in the latter half of summer with pleurisy observed 
post mortem. Since mycoplasmas a.nd gram negative bacteria will 
probably occur concurrently, all 3 organisms should be looked for 
by cultural methods. 
The general picture of pneumonia as displayed by the �rPcimens 
rPceived by one diR�noc:::tic laboratory demonstrated that pneumonia 
can takf> a variety of forms and that there is no clearly defined 
single syndrome. 
- 27 -
Summary 
1. The lungs of 91 sheep with pneumonia from 62 flocks were 
examined. The sheep originated from flocks. in all major 
districts of Victoria plus one area in N.S.W. and one area 
in South Australia. British breeds, Herinos and their crosses 
were represented. The order of frequency of sexes was wethers, 
rams and ewes. 
2. The ages of 77 of the 91 sheep were known and ranged from 2 
weeks to 8 years, but 61% of the 77 sheep were aged between 
6 and 12 months. 
3. The mort ali t,y in .the flocks of oriein was never high and 
ranged from 2-20�1,. A high morbidity (80-1 OO%) occurred only 
in flocks of weaned lambs. 
4. Bacteria were isolated from 29 out of 59 lungs (49%). The 
bacteria found were P.multoci,9.i!;, a bacterium resembling 
P. haemolytica, Corynebacterium sr and Neisseria sp. Mycoplasmas 
were isolated from 37 out of 66 lungs (56'/o). Myxovirus 
parainfluenza type 3 was isolated from 4 lungs in sheep oriein­
ating from 3 flocks. No isolations of chlamydiae were made in 
22 attempts. 
5. Areas of consolidation were found in Fill principal lobes of the 
lunz. The lesions were not markedly more frequent in the 
apical lobes. 
6. Acute pneumonia with high morbidity occurred more frequently 
in summer (December -April) than in the balance of the year. 
1. Lungworms Dictyocaulus filaria and Meulleris capillarus did 
not appear to b e  an important cause of acute pneumonia in this 
serieg. In only one instance was D.filaria regarded as the cause 
of an acute pneumonia. 
8. Microscopic examination showed that the boundary between flreas 
of atalectasis and normal lung continued in a line across the 
boundaries of adjacentlObulesor lobes. Various stages from 
recent collapse of alveoli to organisation could be found in 
a single section of lung. 
9. From the study of material from pneumonic sheep received through 
a single diagnostic centre it was not possible to define a 
single pneumonia syndrome. 
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4 (b) FIELD INVESTIGATIONS 
Introduction 
The observations made on 4 farms are 
farms are coded as SIM, HED, BOS and HIT. 
and laboratory findings are given for each 
are discussed separately for each farm. 
Farm Sill 
Field History 
given in detail. The 
The field investigations 
farm and these findings 
The farm SUI is si tua.ted about 20 miles to the north of 
Melbourne. The flocks on this farm were a well managed Dorset 
Horn stud plus a commercial fat lamb flock totalling about 3000 sheep. 
The probl£m was confined to the ram lamb flock. All other flocks 
on the farm were healthy. 
1964-1965 La.mbs. The first outbreak which the owner had observed 
commenced in mid-JA.nua.ry, 1965. Of the flock of 64 six month old 
ram lambs in the flock, 13 died sporadically between the end of 
January and April R, 1965. The le.mbs had been drenched with thia­
benzadole 10 days before the first visit on February 22, 1966, 
without improving the clinical condition of the lambs. 
The principal clinical signs observed were diarrhoea, a moist 
multiple cough, a mucous discharge from tl1e nose, loss of bodily 
condition and distress after handling or driving� In hot weather 
the ram lambs were very reluctant to move. They lived under the 
shade of boxthorn bushes adjacent to �roughs of food and water. 
Seventeen rams were clinically examined. The rectal temperatures 
ranged from 102.5°F t.o 105°F with an average of 104°F. Nasal swabs 
and serum samples were collected from 5 chosen at random. Moist 
rales were detected in each of these rRms by ausculation. 
Because of the high value of the rams the owner was reluctant 
to have any killed at random. However 3 rams were killed at 
various times when in extremis. Two of the rams killed had areas 
of red hepatisation in the lungs VRrying in size from 1 em in dia­
meter to the whole of the apical, cardiac or intermediate lobe. 
The right lung of the third ram (64/R1), which was killed April 8, 
1965, resembled those of the other 2 rotms, but the left lung was 
almost completely replftced by an abscess filled with foul-smPlling, 
thin pus. No nasal bots were found and no lung worms were detArtPd 
in any of the rams. The nasal swabs a,nd lung tissue from each ram 
were cultured for bacteria, myco.plasmRs, chlamydiae and viruses. 
The faeces from ram 64/81 and dried faeces from the areA under the 
boxthorn bushes where the ram lambs livt?d wer·e cultured for chlamydiae. 
The owner attempted trP.atment with penicillin and sodium 
sulphadiazine withmd. succf'ss. The flo<'l( beg-r'n to recover in late 
ME!y after the new pasture grf'''' following rain� In September they 
were indist.inguish�hle from normAl rams and were sold as usual n� 
stud rams. 
The 1965-1966 lamb flock was normal on Dec 16, 1965, but in 
Jan 1966, coughing commenced. Nasa-l discharge was noticed from a 
few rams. ln general the clinical sir.n� were similar but much 
milder thnn tbeprevious year. The owner had left the rnm lamb 
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flock undisturbed in a shady paddock. 
No opportunity came to examine a ram la_mb, post mortem, but 
17 of 30 ewe lambs of similar age� sent to slaughter as fat lambs, 
were examined at an abattoirs. Each of these ewe lambs was in 
fat condition but every one had some area of lung affected by 
pneumonia. The amount of lung affected varied from a single lesion 
4-5mm in diameter to most of one or more lobes affected. 
The cl:ifficulty of obtaining material on this farm, partly 
because of thP. value of the sheep, resulted in the termination of 
investigations there. 
Laboratory findinas 
Mycoplasmas were isolated from each of the 5 nasal swabs 
collected from the ram lambs with nasal discharge and from the 
lungs of 2 of the 3 rams killed in extremis, the exception being 
64/81. Neither viruses nor chlamydiae were isolated from the lungs. 
A chlamydia was isolated from the faeces of ram 64/81 (section 4). 
Two of the three rams which were killed had PI3 SN antibody 
and all 5 sera from the rams, chosen at random,also had PI3 
antibody. 
Discussion 
The clinical examina.tion of the rams was not very satisfactory 
as it was not possible to check whether the respiratory sounds 
heard by means of a stethescope were normal, considering the very 
hot weather, or were the result of all the rams having pneumonia. 
The one satisfactory exa.mination was on ram 64/81 where the fluid 
in the abscess was readily detected. 
The lesions detected post mortem were consistent with the 
owners statement that the problem had existed for at least 5 '�eeks 
before the first visit. There was serological evidence that PI3 
infection existed in the flock but the significance of PI3 in the 
aetiology of the pneumonia is unknown. It is possible that the PI3 
SN antibody was the result of active infection as it is unlikely 
that 5 rams chosen at random would all have maternal antibody at 6 
months of age. Irrespective of the presence of antibody in the sheep 
it is unlikely that the cultural methods used at the time would have 
detected PI3 in the lung. There was no serological evidence that 
chlamydia infection occurred nor were chlamydiae isolated from the 
lun&'s though a. chlamydia was isolated from the faeces of one ram (64/81). 
The clinical problem on this farm appeared to 
the ram lamb flock from mid-summer to late autumn, 
the rams were between the ages of 5 and 10 months. 
recovery was complete. The therapeutic treatments 
be in�ffective on the course of the pneumonia. 
be confined to 
that is, when 
After that age, 
used appeared to 
The pneumonia recurred on the farm with mild clinical si2:ns in 
:barns born in the following season and there was evi(1ence from 
carcases seen at the abattoirs thflt pneumonia was present in a suh­
clinical form in the ewe lAmbs of similar age. The finding that 
pneumonia wn.s mild in the Second ye�r rn<ly have been influenced by 
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the rams being kept in a shady :paddock and being handled only when 
a,bsolutel�r necessary. Nutrition of the rams was excellent in both 
seasons; they were the best fed flock on the farm. 
Farm HED 
Field History 
The farm HED is Ritua.ted near Seymour in central Victoria. 
There are about 1600 stud Corriedale sheep plus cattle on this 
fArm which has natural pastures and irrigated lucerne on river 
flats. 
Although coughing and some loss of condition in the youn� 
sheep had been noticed in summer for yeArs, the first losses ta 
total of 70) associated with this, occurred in Jan 1964 over a 
period of one month, then ceased. Losses were confined to the 
weaner lamb flocks. Ewes, rams, and older sheep were unaffected. 
The cause of the cough was considered, by the owner, to be lung 
worms. Records of the VeterinBry Research Institute confirmed 
that pneumoniA_ had occurred in the summer of 196"3-1964 .. 
In Jan 1965 the young sheep were divided into 3 flocks 
(a) the ram lambs (b) the ewe lambs (c) the cull ewes and 
wether lambs. The ram lambs were run on irrigl'lted pastures 
whereas the other 2 flocks were run on native pastures. The ram 
lamb flock was the only flock affected. The ram lamb flock, 
which had been_in first class condition and really active suddenly 
became depressed and began to lose condition in the first few days 
of Jan 1965 and five rams in the flock died. Most of the 43 rams 
remaining in the flock at the time of the first visit were listless. 
At any one time about 10% of the rams could be heard with a moist 
multiple cough. Twelve of the rams were examined clinically. Areas 
of apparent consolidation could be detected in the lungs. The 
rectal temperature of each of the rams was taken daily for 10 days 
by the owner, but the temperatures, which were slightly above 
normA,l, fluctua.ted little from day to day. Treatment with sodium 
sulphadiazine, terramycin or penicillin/streptomycin WRS administered 
by a private veterinary sureeon, but only slight temporary 
improvement was noticed on the day foll�wing treatment. 
Two rams were killed and examined post mortem. One of these 
was dying and before death, moist rales was easily detected but 
the other was chosen at random from the flock. The only abnormal­
ities observed were in the thoracic cavity. There were areas of 
red hepatisation in all lobes of the lungs of both rams. The 
bronchioles of ·the dyine ram were full of froth. A third rAm 
was killed 8 days later and again there were irregularly �haped 
areas of hep�tisation in all lobes, ranging in size from ·)_'"\ mm 
to 4 em in the greatest dimension. 
Lung, bronchial lymph nodes, kidney and liver tissue, were 
cultured for virnsP!'l' chla�ydiae, mycoplasmas and bacteria. Lung 
a.nil the other tissues were Also preserved in buffered formal Sf1line 
for histopathologica.l examination. Serum samples were tested for 
r.F antibody to chlamydia and, in retrospect for PI3 neutralising 
antibody. FaeCes from sheep camps was collected for chlamydiR 
isolAtion as described in section 5. 
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In the summer of 1965-66 visits were again made to this farm. 
The ram lamb flock was quite healthy And growing well. A ram lamb 
about 3 months of age was killed at random in Oct 1965. This lamb 
had areas of red hepatisa.tion in the apical and cardiac lobes. 
The previous season's ram lambs ha.d recovered by June and were 
indistinguishable from normal rams by sale time in September 1965. 
Most had been sold as usual AS stud rams. No further investigations 
were made on this farm. 
Laboratory findings 
Mycoplasmas were isolated from the lunes of �ach sheep 
but n ot viruses , chlamydiae or bacteris. Antibody to chlamydiae 
was not detected in any serum sample but all serum samples contained 
antibody to PI3 virus. The tissues, except those from the lunes, 
were histologically normal. 
Discussion 
There was serological evidence that PI3 infection was presen� 
on the farm. The cultural methods used at the t ime would not have 
detected PI3 virus. The relevance of the clit1amydia, which was 
isolated from faeces, to the pneumoni�1 is uncertain. No chlamydiae 
were found in the lungs or other tissues and there was no serological 
evidence of systemic chlamydia. infection. The role of the mycoplasmas 
is quite unknown. 
This investigation was unsuccessful as fAr as establishing the 
aetiology of the pneumonia in the sheep. Some factors were 
apparent which influenced future field investigations. 
The only sheep affected on the f�rm were sheep about 5 to 8 
months old ( weaners ) . The other sheep on the farm remained healthy. 
The ram lambs were affected in spite of excellent feed and not 
needing to move more than a few yards for feed or water. When 
the rams were slightly over 1 year old they had recovered to outward 
appearance. The problem recurred in 3 successive season�. Pneumonia 
�auld be found by post mortem examination in an apparently healthy 
lamb chosen at random. Chronic pneumonia did not respond to 
penicillin/streptomycin, terramycin or sodium sulphadiazine. 
Farm R08 
Field History 
This farm is situated about 60 mile� to the north of Helbourne 
partly on irrigated river flats •nd pa.rtly on hills. It is 
loca.ted on the opposite bank of a deep river immediately f!Cross from 
farm HED. The only sheep affected on the farm weTP approximately 
900 weaned lambs in six flocks on the farm. The ewes wer� in good 
condition. All the sheep observed during visit� were on improved 
or irrigated pastures. Some of the lambs were bred on the fE�rm , 
other� were bought for fattening. 
Flock 1: This flock consi st,ed of 220 crossbred lambs either 
Dorset Horn , t:erino cross or Border Liecester ;,iprino cross. An 
occasional cough could be heard btd, most of tl1P lambs were ready 
for sale� 
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Flock 2: This flock consisted of 220 lambs of the same type as 
those in Flock 1. These sheep were in poorer condition and there 
was some evidence of diarrhoea. Deaths had occurred in this flock 
but the owner was uncertain of the number. The flock had been 
treated with 20 mlper head of sodium sulphadiazine subcutaneously 
4 days previously and had improved. 
Flock 3: This flock consisted of 180 '1Prino lambs abov+. 1/3 
of which were couehing. The more severely ill lambs had a mucous 
discharee from the nose, serous disch8rfe from the eyes An0 a very 
fluid diarrhoea. 
Flock 4: This flock consisted of 105 lambs, mostly Border 
Liecester, Merino cross. An unrecorded proportion had similar 
clinic2l signs to the sick sheep in the previous flock. 
Flock 5: This flock consisted of 140 Merino cross lambs in 
good condition hou�ht one month before. 
About 30 lambs from flocks 1 to 4 had died in the previous 
month. Not ��11 were in poor condition when they died. ,;.rrt.hPlmintic 
tre�-tment had been repeated 2 to 4 times without checkinr: the 
diarrhoea in these flocks. Tre�d"-:1ent.s wi t.h }!Pni ci llin, streptomycin 
arid sodium sulphadiazine hfld been tried hy thP 0wner's privRte 
veterinary snr�eon but the only re.siJonse noticed was to +.he 
sulphrHliazine. SubsP11H;>nt. to the f'ir..:;t visit by the writer, the 
owner dra ftpd off A.ll l a.mbs with a severe cough and diarrhoea and 
treated them with sulphn�ia�ine in doses as little AS 5 •nl of_ a 
33.3% soll!ltion and thPy appeared to respond by the following day 
�nrl ultimately recover. 
Seventeen sheep were examined clinically. Ausc11lte.tion of 
respiratory sounds gave inconclusive result.�. The rect� 1 temperatures 
varied between 101.6°F and 105.8°F but high temperatures were found 
in very sjck and almost normal sheep. ThP atmosphPric temperature 
was close to 100°F at the time of the first visit. 
Three sheep were examined post mortem, two on the farm and 
one at the laboratory. One was an unAffectPd 18 month old wether, 
the other two were coughing lambs. No abnormality WR.S detected 
in the 18 month old wether. The only abnormalities found in the 2 
weaners were in the thoracic cavity. The lungs had areas of red 
consolidation in all lobes ranging in size from 1 em to the whole 
of the anterior or cardiac lobes. No nasal hots were found to 
a,ccount for the nasal dischar�P. 
Two lambs were ta.ken alive to the laboratory for experimental 
work as described in section 9 ( a ) . Faeces were collected from 1 
lamb (F21) and faeces were collected from sl1eep yards and Cl'lmps to 
attempt the isolation of chlamydiae as described in section 5. 
Serum sa.mples were collected from 10 sheep thfl-t were coughing, from 
10 sheep in poor Condition but not heard to be coughing and from 
5 sheep from the apparently normel flock. 
On a subsequent visit it was found that the sick sheep ha-d 
recovered and they were sold pro�re��ively for slaught�>r. 
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Laboratorv fine-lings 
No viruses or chlamydiae were detected in the lung material 
from the sheep killed at the l�.boratory but a mycoplasma and a 
gram negative bacterium was isolated. A chlfl.mydia was isolated 
from the faeces of sheep F21 but not from the faeces from sheep 
camps and yards. All 25 serum samples had no CF antibody to 
chlamydia but a.ll contained PI3 SN a,ntibody. 
Discussion 
The farmer who owned these sheep was a good manager and fl good 
observer. Each sheep tha,t he treated was identified according to 
the treatment it received. The response of very sick sheep to 
treatment with sodium sulphadiazine was apparently genuine as no 
further deaths occurred after trea.tment was initiated as a routine 
in sheep which previously might not have been expected to recover. 
The outbreak of pneumonia on this farm was quite different 
from that on the farm ( HED ) from which it was separated only by R 
river. The WNl_ne-rs on both farms were approximately the same ai!P• 
On farm BOS they were commercif'll fat lambs, on the other farm they 
were stud ram lambs. The bodily condition of the commerciAl lambs 
deteriorated severely whereas the stud rams lost less weieht. The 
commercial la.mbs responded well to treatment but the stud ra.ms did 
not. Diarrhoea WAS a prominent sign in the commercif'll lA.mbs but 
a. minor sign in the stud rams. 
Farm MIT 
Field History 
This farm was situated in Gippsland. The flock was maintained 
to produce late maturine fat lambs from Border Leicester/Merino 
ewes and Dorset Horn or Southdown rams. The investigations-on this 
farm were continued for 3 successive seasons. 
1963-1964. The fat lambs produced on this farm in this year were 
good. This was the first sea.son that sheep were established on the 
farm. 
1964-1965.. Some losses occurred and there were lambs which had 
to be kept until the followinz spring to reach marketable condition. 
In Jan 1966, the first visit was made to this farm as the private 
veterinary practitioner had reported a severe outbreak of pneumonia 
in 800 weaner lambs. The history was that the lambs born in tTuly, 
1964, grew well until Sept, 1964 then their condition bego.n to 
deteriorate. One or two a week died and the deaths seemed to 
pa.rticularly follow ya.rding or drenching. In the week prior to the 
visit, 30 lambs had died. This was a time of heatwave conditions 
with the temperature above 100°F. The principal sien noticed, other 
than poor bodily condition, was a multiple moist cou�h.. At any 
one time, severA.l lambs could be heard coughing. A variety of 
treatments had been tried by the owner without success, which 
included repeated drenches with thiabendazole; copper sulphate to 
toxic levels; sodium sulphad_ia.zine; and sodium thiosulphate. ThP 
only significant lesions seen post mortem were patchy areas of 
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consolidation in all lobes of the lungs. Blood samples were 
collected from 5 lambs chosP-n at random. The private veterinary 
surgeon had tried to assess the effect of 3 injections of sodium 
sulphadiazine on bodily temperature in 6 l�mbs over a period of 4 
days, but no me��=mrable effect was detected. 
1966-1967. In anticipation that the trouhl e would TPCUr in the 
next season's lambs, during the following summer a pror:ramme was 
instituted whereby visits would be made a� approximately monthly 
intervals after the main lambing commenced. Visits were made in 
Aug, Sept, Oct and Nov 1966, anil Feb, ;:,..Y, Apr, Nay, Jun and Jul 
1967. 
The programme of visits ''1P s interrupted between Nov 1966, and 
Jan 1967, because of the writPr1s absence overseas. The clinical 
condition of the flock WRS observed at each visit and a lamb was 
selected at random for examination post mortem. Lung was collected 
by a sterile technique for culture for bacteria, mycoplasmas, 
chlamydiae and viruses. Other pieces were placPrl in buffered formal 
sa.line. Serum sa.mples were collected from eacP lamb before slaughter. 
In addition, the owner forwarded the thorax of a sheep which had died 
on Mar 10, 1967. 
About 1,000 lambs born in Jul - Aug 1966 were in good condition 
until they were approximately 4 months old in Jan 1967, except for 
a temporary setback in Oct 1966 due to footrot. The growth rate 
of lambs �lowerl in J�'� ..nuary and continued to deteriorate until about 
May. About 50 lambs were sold at the normal time for marketing 
but the rest were carried over. By Sept 1967, they were in good 
condition and almost all werP indistinguishable from sheep ,.Ji th a 
normal history. Two to three hundred lambs died in April of an 
unknown cause. When the owner found them he considered they were 
too decomposed to warrant futther investigation. 
Coughing was evident in the lambs in mid-Dec and this 
increased in .Tnn and Feb but appeared to affect no more than 10�·;; 
of the flock. ��re shePp could he made to cotl"h if the flock was 
chased. ��sAl discharge was noticed in only 4�qnimals. 
No macroscopic pneumonia was seen in the lambs kille.d in 
Aug and Sept. The two lambs killed in Oct had numerous areas of 
pneumonia scattered throughout the diaphragmatic lobes varying in 
size from a 1-Smm in diameter. The colour of most consolidated 
aref!R WAS hrie·ht red but 2 areas of about 5 mm in one lamb were a 
pale greya No lungworms were detected. 
1967-1968. The owner decided to abandon sheep farming and to 
start dairying because pneumonia had made the production of fat 
lambs quite uneconomic for him. This meant that ve-ry limited 
investigations could be continued on this property. 
The method Adopted was to put identifying eartH�S in 10 lf!_mh� 
born in Jul 1967. 'fhe:=:;e lambs, which were run with part of the 
300 remainine "heep, were bled on Oct 10, Nov 22, Dec 30 in 1967, and 
Feb 14 and Apr 10 in 1968. 
A lamb wos killed on Oct 10, 1967, another on Feb 14, 1968, and 
a third in Apr 1968, and the lun�� '¥ere examinprl. Each had pneumoniA. 
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Lung tissue was examined for viruses in TC and for mycoplasma-!3-
and bacteria. The sera were tested for PI3 neutralising antibody. 
":os+, of the flock were sold on Nov 22, 1967, but the 10 lambs and 
their mothers were kept until the final blood samples were 
collected in Apr 196R. The owner then ceAsed fat lamb production. 
Laboratory findings 
1965-1966. A gram negative bacteriA was isolated from the lung 
material collected on the injtial visit but neither viruses, 
mycoplasmas nor chlamydiae. The 5 serum samples collected at 
random from the flock contAined PI3 SN antibody but no chlamydia 
CP antibody. 
Hycoplasmp"s were detected in the lun,c:s of the 1965-1966 
lambs which were killed in Jul and Aug 1966, but not viru��=>�, 
bacteria and chlamydiae. 
1966-1967. Neither viruses nor chlamydiae were detected in 
the lung material collected on each visit from this season's lambs. 
The only bacteria isolated were Corynebacterium sp from a lung 
abscess. Mycoplasmas were not isolated from lungs collected in 
Aug, Sept or Oct. The records of the specimens collected in Feb 
1967 were lost. The lun(T material cultured on n�r 1 1967 and Har 
10 1967, contained myconiasmas A� did the specimen collectf!(l in 
Apr 1967, but mycoplasmas were not detected in the lung specimens 
in Hay and Jun 1967. 
The serum samples collected on each occasion contained PI3 
antibody but since different animals were bled on each occasion 
and the samples collected in Oct 1966 and Feb 1967 were lost, 
no pa.ttern is evident. None of the serum samples ha.d chlamydia 
CF antibody. 
1967-1968. The results of the PI3 tests on the serial samples 
collected from the lambs is shown in Table 4.1. 
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T.ABLE 4.1 
Antibody to Myxovirus parainfluenza type 3 in lambs on Farm MIT 
in the 1967-1968 Season 
Sheep 
No. 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
1 
+ 
NT 
* 
Date of Bleed 
10 22 29 
October November December 
- - -
+ - -
+ - -
+ + -
+ - -
+ + -
- - -
+ - -
- - -
+ - -
-* 
PI3 antibody detected 
PI3 antibody not detected 
Not tested 
Killed 
Discussion 
14 10 
February April 
NT + 
-* 
- + 
- NT 
- NT 
- + 
- + 
- + 
- + 
- + 
The seriousness of the pneumonia on this property was eviden.t 
from the first visit. The whole flock of lambs WAS obviously 
affected. The economic loss was two fold in the 1966-1967 season, 
deaths of lambs and the check in �rowth rate which forced a n�l�v 
in marketing until after the past�res had dried off so that 
-. 
finishing ha.d to await the new season's grass� Some lambs could 
not be marketed until they were a year old. The lambs failed to 
respond to treatment with sulphadiazine and antibiotics and most 
recovered about 4 months later, though about 20 took an additional 
2 months longer to recover. There was sufficient overlap in time 
with the new sea.sons lambs for· an infectious agent to be transmitted 
from one generation of lambs to the next by contact. 
In the following season'� lambs, macroscopic evidence of 
pneumonia was present in lambs 3 months old, and microscopic 
evidence of pneumonia. was obtained in 2 younger lambs killed 
earlier. Clinical pneumonia was not as evident in the 1966-67 lamb8 
but a check in growth rate similar to that experienced the previous 
year occurred even though the lambs were well fed on good natural 
pastures supplemented by turnips. The owner then decided to convert 
the farm from running sheep to dairy cattle and beef cattle production. 
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In the following seasons the lamb numbers were low beceu�p 
of ovine brucellosis in rams and the balance of the sheep on the 
farm except for the trial group, were sold on Hov 22, 1967 before 
growth rate slowed. 
The poor growth rate of the lambs observed after mid-summer 
occurred in 3 successive seasons. Investifations by the owner's 
private veterinarian excluded copper deficiency, nutrition, 
intestinal parasites or any cause other than pneumonia. 
Post mortem examination of lambs chosen at random showed that 
pnP-umonic areas we·re present in the lungs before coughing or loss 
of bodily condition occurred. The sampling was not done on an 
extensive F>T!ough basis to :=:0y whether the failure t,o isob�te 
mycoplasmas from the lung lesions in the youn� lambs was signific�nt. 
That most of the lungs were free of J!p ,_,;+,p1�rr>llH spp is more 
important. On occasion, lung worms were fonnrl at post mortem, 
but not in sufficient numbers to a ccount for more than the few 
lesions with which they were associated. Antibody to PI3 was found 
in all serum samples collected f'rom animals killed in the 1965-1966 
and 1966-1967 seasons. This could account for the failure to 
isolate PI3 virus from the lung material collected at the 
corresponding times. The infection of thP 1967-1968 lambs with 
PI3 occurred approximately between Feb 14 and Apr 10 196R. No 
specific signs were noticed by the owner during the time that this 
small flock of lambs became infected with PI3. ThPir only contact 
with sheep at this time was with thE>ir mothers. No evidence of 
chlamydia. infection was obtained by ex8mination of lungs or by 
teAting of 17 serums collected �t v�rious times from sheep on this 
fa.rm. 
The observations on this flock were not extensive enough to 
decide whpt the role of either PI3 or mycoplasmas was on the 
production of clinical pneumonia. The evidence does indicate that 
pneumonia may occur independeritly of FI3 infection and possibly 
also of infection with mycoplasmas. 
Summary 
1. Outbreaks of pneumonia in sheep were investigated on 4 fRrms. 
Clinical pneumonia occurred in the weaned shePp of 5-10 months 
of a.ee with high morbidity and low mortality. The conc:;:t,ant 
clinical signs were loss of bodily condition, nasal dischRr�e, 
normA.! or slightly elevR.ted temper�ture and a moist· mul t.iplP 
cough. Diarrhoea occurred in some flocks. Complete recovery 
occurred by RpproximRtPly 1 yepr of age. 
2. Lesions of pneumonia Were found in lambs 1-3 months fJf age 
well before clinical signs were apparent iP the sheep on 3 of 
these farms. 
1. Serological evictencP from Pach of these 4 flocks indicated 
tha,t infectj (lTl with PI3 had occurred but whethPr tbP infe�t.ion 
with PI1 was a factor in the pneumonia was not demonstrated. 
In 1 seq :=:on on 1 f�_rm it was shown that pneumonic lesions 
could be fottnd 4-5 months before PI3 infectinn occurrerl. 
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Chl�mydiae were isolated from the faeces of one lamb with 
pneumonia on 3 of the farms but this organism was not 
isolated from the lungs nor was serologicP.l evidence of 
systemic chlamydia infection found. 
Mycoplasma.s and �ram negative bacteria were i�ol�tt?<l from the 
lungs of sheep from each of these farms but the s-1�-p:i_ficance 
of thesP microor�anisms was not determined. 
Pneumonia was of economic import�nce to the owners of each of 
these flocks and caused one owner to a.bandon sheep farming� 
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5. THE ISOLATION OF CHLAMYDIAE FROM FAECES OF SHEEP 
INTRODUCTION 
Dungworth and Cordy (1962b) reported the isolation in eggs 
of a stra�n of chlamydia from the faeces of clinically normal 
�beep. �hey �roduced a pneumonia in sheep by experimental 
1noculat1on w1th this organism. 
Attempts to isolate such 8D agent from the faeces of healthy 
sheep, the faeces of sheep with pneumonia and from faeces collected 
from sheep yards regularly used as sheep restina places or camps 
is reported in this section. 
b 
MATERIALS AND HETHODS 
Collection of Faeces. F8eces were collected from sheep on farms 
located in Victoria north of n€'lbourne and from sheep held at the 
CSIRO Parkville laboratory as follows:
' 
1. CSIRO, Parkville:­
from a flock of 30 
pens for 2 years. 
rectum. 
Two norm�l sheep were selected at random 
which had been held in concrete floored 
Faeces were collected directly from the 
2. Farm HED:;... Faecal pellets, freshly voided by a sheep in a 
flock showing evidence of pneumonia were collected from a heap 
on the ground. Dry faeces were collected from·:.one area where 
the affected flock regularly camped. 
3. Farm SIM:- Unformed faeces were collected from the rectum 
of a ram which was dying of pnPUJ'wnia. Powdered faece� were 
coll�rted from 2 areas where a pneumonia-affected flock 
eamped. 
4. Farm BOS:- Sheep from this farm were dying with pneumonia 
and had diarrhoea. One animal was brought to the laboratory 
and very fluid faeces were collected from its rPctum. Dry 
faeces were collected from 4 separate sheer-c8mping-grounds 
and 3 sheep yards which had been used by various flocks. 
Isolation of Chlamvdiae. The method of Dungworth and Cordy was 
used except that 5 day old embryonated eg�s were used instead of 
7 day old. The eggs were incubated at 35°C after jnoculation. 
Impression smears from yolk sacs (YS) of eggs, which died more than 
2 days after inoculation and whiCh were not obviously contaminated 
with moulds or bacteria were stained by Rivers' modification of 
Castenada's method (Anon-). Pools of YS from groups of eggs 
inoculated with the faeces which gave negative impression smears 
were passed twice more before it was concluded that the faeces did 
not, contain the chlamydia organism. 
Complement fixing (CF) a,ntigen. An ether extrected, boiled 
antigen was prepared by the r1ethod of Dane. (1955) from infecte� YS 
and from normal YS of chick embryos of a s1m1lar a�A. The ant1gen 
was tested against a serum produced by the inoculation of. a cal� wit.h 
a chlamydia which had been isolated from a case of sporad1c bov1ne 
encephalomyelitis (SBE) (French, unpublished), in a bl
ock titration. 
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At a dilution of 1:20 this antieen was used to test 4 positive nnd 
2 negative ox sera and also aoat sera collected before and after 
experimental inoculation with a strain of ch
.
lamydia isolAted from a case of SBE (French and Peterson, unpubli�hed). 
G�inea pig inocu�a�ion. Faeces from two normal sheep were ground 
w1th br�th.
conta1n1ng tyrothrycin, streptomycin sulphate Clnd sodium 
sulphad1az1ne (TSS solution) (Lenn�te and Schmidt 1964)· 2 ml of 
the supernatant fluid after the mixture had settl�d was inocul3ted 
int� each of 2
_
s-uinea pigs of a strain known to be su�ceptible to 
b�v1�e
.
chlamy�1a. Rectal temperatures were taken daily and if no 
s1gn1f17ant r:se occurred, the liver and spleen were passa�ed to 2 
more gu1nea. p1gs on the 8th to 10th day. This was repeateil once. 
Yolk sacs containing numerous element�ry bodies of the 3rd 
passage of strain B302 were ground in beef heart infusion broth 
containing 2,000 units/ml of streptomycin sulphate. An attempt to 
titrate the infected yolk sac in guinea pigs was wade by inoculating 
2 ml of supernatant undiluted and diluted 101, 102, 104, 106, and 
108 intraperitonP.�lly into each of 4 guinea pigs. Rectal temperetures 
were taken daily. All were killed 12 days post inoculation and 
examined for signs of infection. 
Rl':SUT!l'S 
Organisms which resembled chlA,mydiae in size a.nd sha.pe and 
which were coloured bhte by C:;..stenarla stain were isolated from the 
faeces of 3 pneumonic RhPPr designated BF.n, SJH and BOS as shown 
in Table 5.1. An isolation was made from 1 of 2 healthy sheep 
(B302) from a CSIRO laboratory flock. No isolations were made from 
the faeces collected from any of the sheep camps or yards. 
The avera.ge time taken for the embryos to die on the first 
pa�sage was 14.5 days, on 2nd passage 7.6 days, on the 3rd passage 
7.2 days and on 4th passage 6.7 days. 
The CF anti�en made from strain (B302) gave a positive result 
in a block titration with a known positive ox serum (Table 5.2). 
When this antiaen was used at dilution of 1:20 in a CF test in 
parallel with � known positive bovine chlamydia antigen against 3 
serums from infections with that agent, similar titres were obtained 
with each antigen. 
No significant temperature respon�e or post mCJrtem findings 
occurred in guinea pigs inoculated with sh;ep faPCeR, a.nd the 
oraanism could not be recovered from the l1ver and spleen of �uinea 
pigs inoculated 8-14 days previously with infectPd yolk sa.c. 
In the titration of yolk sac ma.teria,l in guinea pies, no 
significant temperature chAnge was detected Pxcept the �ay �ollowing 
injection when the following a.verH!:,':es were recorded: d1lut1o� 10°, 
104oF; 10- 1, 103oF; 10-2, 100.8°�; 10-
4, 100.9°F; 10-6, 101.7 F; 
10-8, 101oF. No �ignificant les1ons were found at post mortem 
examination. 
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TABLE 5.2 
Titration of the complement fixing activity of an antigen 
prepared from a sheep f�_ecal strain of chlamydia 
Dilution of 
YS antigen B302 
10 
20 
40 
80 
160 
32Q 
640 
1280 
2560 
5120 
Normal YS 
Antigen 1:10 
Diluent 
Dilutions of ox serum 8688 
10 20 40 80 
4 4 -
4 4 4 
4 4 4 
4 4 4 
4 4 4 
4 3 2 
3 2 1 
2 1 1 
- -
-
-
-
-
1 - -
-
-
-
" 
KEY 
100% haemolysis 
75% 
-
4 
4 
4 
1 
1 
-
-
-
-
-
-
160 
-
4 
3 
1 
-
-
-
-
-
-
-
-
5o% 2 
25% 3 
o% 4 
DISCUSSION 
320 64< 
- -
2 -
1 -
- -
-
-
-
-
- -
- -
- -
-
-
- -
-
-
of 
1
Dilutions 
70 
complement 
1 2 4 8 
- 2 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 1 4 4 
- 2 4 4 
- 1 4 4 
Dilutions are 
expressed in the 
table as reciprocals 
Four agents which resemb}ed chlamydiae in size, shapeand colour, 
were isolated in the yolk sacs of embryonB.ted eggs. The CF �ntigen, 
prepared from one of, the four isolates, gave a compRrable result when 
tested at the dilutionfor optimum sensitivity in parallel on known 
positive and known nega-tive ox serums with an antigen prepAred from 
a pathogenic bovine strain so it can be regarded as equally useful 
for detecting chlamydia group antibody. 
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The eegs inoculated with fpec�.l material took 13 to 15 days to 
die ( Table 5.1); that is, they died almost at hatchina. There was 
no difficulty in seeing stained elementary bodies in in_I"-Jrl?'c;;...:;ion smears 
from yolk sa,cs of 1st passage, which contrr:t_Rt,s with tht? finding of 
Dungworth and Cordy who mention that PlP.rn.,.ntr1r�r bodit:>s were not 
usually visible in eggs which di�d with ini ti,J_ inoculation material. 
These authors used 7-day old embryonated e��s and hence theiTembryos 
were incubRted for 2 days less after inoculation. On passe.:�""' the 
time between inoculation and death shortened with all strains from 
an average of 14 .. 5 to approximately 6 .. 7 days at the 4th passo_ge, 
which is consistent with the times given by Dungworth a nd Corily. 
Almost all the eggs inoculated with 2nd or later passaze materi�l 
died, in contrast to t,he 1st P?-Ssage eggs of which only a varying 
proportion died. 
The temperature response by guinea pigs injected with positive 
yolk sac materi�.l in a single experiment w�s transient, as was 
found by Dungworth and Cordy. No attempt was made to see if this 
effect was reproducible. The temperature rise was inversely 
proportional to thP concentration of yolk sac, but no guinea pigs 
were given uninfected yolk sac in a similar fashion as a cnntrol. 
The isolations of chlamydiae from shnpp f<�.eces reported here 
are the first such isolations in Australic. Tl•e chlamydiae were 
isolated �ery readily from faeces, collected from the rectums or 
freshly voided, in 4 of 5 f:nch att,err1(lts, but not from dry faeces 
from sheep yClrr1� or camping grounds in 10 attempts. No attempt 
was made to produce pneumonia with any of these agents as was done 
by Dungworth and Cordy ( 1962b) , but if �ll ch pneumonia can h� produced 
its relationship to the field problem in Australia would st1ll have 
to be established. 
1. 
2. 
Sffi.n1ARY 
An agent morphologically, tincto:ria.lly and serologic�lly similar 
to chlamvdiae was isolaterl in the yolk ,sn("_<;: of embryonated Pegs 
from the
.., 
faeces of a normal shee..i> This strain was not pcd.ho�enic 
for guinea pigs h�r intraperitoneal inocubtti(nl. 
Three morphologically similar isolations were made
.
from rectal 
faeces of three pneumonic sheep. Ten attempts to 1solate such 
an agent from dry faeces collected from sheep yar(ls and shPen 
camp inc grourul ·"" were unsuccessful. 
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6. THE ISOLATION OF �ITXOVIRUS PARAINFLUENZA 
TYPE 3 FROM �HEEP IN AUSTRALIA 
INTRODUCTION 
The is�lation of M xovirus arainfluen•a type 3 (PI3) from 
�beep was f�rst re�orto� by Hore 1966 in the U.K., then �ndependently by D�tchf�eld (1966) in Canada. In a preliminary serolog1cal survey us1ng a human strain of Pl3 virus low titres 
of neutralising antibody were reported in � single riock of sheep 
i� Australia by StGeorge and French (1966). The isolation of PI3 
v1rus from sheep with pneumonia in Australia and the reaction of sheep exposed to this virus, is reported her�. 
HATERIALS AND METJ.!ODS 
Tissue Cultures 
Monolayer tissue cultures (TC) of bovine kidney (BK) 
kidney (LK) were prepa.red as described in section 4 ( a ) . 
medium contained 10% ox serum (and the maintenance medium 
had been heated at 56°C for 30 minutes and had been shown 
free of antibody to PI3 virus. 
Cultural Methods 
and lamb 
The growth 
3;:) that 
to be 
About 1-2 g of pneumonic lung from each sheep WAS �round with 
sterile alundum in a pestle �.nd mortar in Hanks' BSS cont::�ining 
sufficient Tyla,n and Mycostatin* to give a final concentration of 
1000 units of each per ml. After the coarse particles had settled, 
0.1 ml of the supernatant lin,_uid was inoculated into each of 6 or 
more TC of BK or LK. The lungs were cultured for bacteria on ox 
blood agar plates and for mycoplasmas. 
Nasal mucus was sampled with sterile cotton wool swabs on the 
end of orange sticks. A swab, moistened in Hanks' BSS containing 
Tylan and Mycostatin, was rubbed over the nasal mucosa, and then 
broken off into 5 ml of the same solution. A separate swab was used 
for each nostril. Each of 4 TC tubes of BK was inoculated with 0.1 
ml of the supernatant liquid. If cytopathic changes (CPE) were 
observed in the TC, guinea pi� RBC were a dded to detect haemadsorption 
(Vogel and Shelokov, 1957). If no CPE was observed, two blind passages 
were made, and if CPE failed to develop, the cultures were checked 
for baemadsorption><lth guinea pig RBC before they were discarded. 
Serology 
Serum neutralisation tests were carried out as described by 
StGeorge and French (1966), except ttet BK cells were used with this 
virus instead of BHK21 cells. 
Haemagglutination inhibition (HI) tests performed by the method 
ofLennette and Schmidt (1964) using guinea pig RBC. The PI3 viruses 
used were: a human strain of PI3 sup�lied by Dr. A. Ferris of 
* Nystatin, R.R., Squib & Sons, New York, U.s.A. 
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Fairfield Infectious Diseases Hospital, Melbourne; the cattle strains 
PZL (St George and French, 1966) and WRS95 ( Snowdon, unpublished ) ; 
and t,he sheep strun, CSL6. Standard rabbit anti sere to PI1 PI2 and PI3
_
were obtained from tlicrobiol ogical AssociAtes, Maryl�nd , f.s.A., and ant1sera to PI4A and PI4B from Dr. Ferris. They were used at 
a starting dilution of 1 in 5. 
. �tis era ?'g�.inst the PZL, WRS95, and CSL6 viruses were 
produced 
1n pa�rs of ra ob1ts by the intravenous inoculation of virus on 2 
occasions , 14 da�s ap�rt. Th� rabbits were bled prior to, and 19 
days after the f1rst 1noculnt1on. Cross neutralisation tests 'vere 
carried out using these three viruse�, the human strain of PI3 virus, 
and their respective antisera. 
Sera. collected from 5 cattle and 5 sheep on separate farms which 
were shown to have PI3 neutralising antihofly, wer o:o titrated simultaneous 
ly against the PZL (cattle) and CSI, (sheep) viruses. 
Physical and Chemic�l Characterisation 
The following characteristics wered�ermined as described by 
St George and French ( 1966): sensi ti vi ty to ether and chlorofo rr1; 
haemadsorption and hae ma.--:�lutination of f!Uinep _!'ig RRC, and the 
effect of nretreatment of the RBC with Vibrio cl,olor�e neuraminidase 
(receptor destroying enzyme RDE) on haema_crolutinJ:dion �.nd haemadsorp­
tion. BK monolayer TC were infected with eR.Ch ·strt:dn, fixPd. in Bouin Is 
fluid, and st ained with hAemotoxylin and eosin. 
Virus for electronmicroscopy was grown 5n BK roller bottles until 
CPE was advanced, the virus suspension was clarified by cent.rifu�_�fltion 
at 1000 g for 15 minutes, and the supernBtant li�uid without concent­
ration was examined in the electron microscope Rfter negative stRining 
with potassium phosphotungstate at pH 6. 
RESULTS 
Flock Histories 
The three flocks describerl below were situated on farms located 
in Victoria within 100 miles to the north of �-1elbourne. 
Farm A: 1357 Romney Harsh X Merino crossbred lambs born in 
July-August 1966 were run as a singl� flock on natura� pasture !_)lus 
supplementar,r feed. A lnr;:_:e proport1on of the lambs 1n the flock 
were observed_ to be couahino- between February pnd April 1967. Farm 
records showed thr-t 5 of th� ?2 lambs, found dead during this period, 
had been examined at autopsy and, of these , 4 werP- recorded as hi1ving 
had pneumonia. The older sheP� were unaffected. 
Virus WfiS isolaten from the pneumonic lunas of a lamb designated 
CSL6 which was found dead on Mar 21, 1967. OnA le.mb, chosen et 
random from the flock and killed the next dAy, and 2 others which 
died overnin·ht were found on Autopsy to bave extensive AreRs of 
pneumonia i;;: b�th lun�J"s. The titre� of �er11n1 snmplPs collect.Prl 
from 5 1 .mbs chosen at random from the remainder of the flock on 
Mar 23, �967 and May 9, 1967 are "hown in Table 6.1. The av�ra�;e 
neutralising antiborly titre of 1? a�ainst tl1: CSL� (sheep) v1rus 
rose to an averAge titre of -:>1R, an l R -fold nse, 1n the 49 dny interv!ll. 
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The toto.l lo"es in the flock,.,re 32 (2.4 \), all of which could not 
be attributed +.o pneumonia, "lnrl thPre w�_s � �H!VPre chP('k in the 
�rowth rate of the s11rvivors. The flock l'!S a whole began to improve 
in Nay, some weeks after the growth of new pasture that followed the 
autumn rain. 
TABLE 6.1 
Antibody titres to the CSL6 (sheep) strft-in of N'vxovirus pa.rainfluenz�­
type 3 in 5 sheep chosen at random in A flock with pneumonia. The 
first serum sample was collected during an outbreak of pneumonia and 
the second sample 49 days latPr. 
Sheep No. Neutralising antibody to CSL6 virus 
Mar 21, 1967 Hay 9, 1967 
6/547 1 156 
6/599 8 370 
6/R51 30 90 
6/1103 10 197 
6/1142 10 270 
Virus, designated CSL7, was recovered from t he lungs of a lamb 
born in Aug, 1967. It was found dead on Jen 22, 1968 and had 
extensive acute pneumonic lesions at autopsy. At this time a small 
proportion of the f lock was noticed to be coughing but. very few 
deaths were experienced in the lambs in this second sea�on. However, 
loss of hocly condition was noticeable towards the end of the dry 
season in ··""r, '196R. 
Farm B: The only sheep affected on this farm were in a flock 
of 500 Dorset Horn stud ram lambs about 5 ffionths old. When the rams 
were brought into the yards for dipping on Mar 6, 1967, some were 
noticed by the mAnr�:Pr to be sick and coughing and 12 died in the 
week following dippin�. Three rams were examined at autopsy and 
found to have extensive consolidated areas in all lobes of the lun�s 
and the renvdnine lung tissue wrys: engor�ecl with blood. The 20 ramS 
thRt werP most affected werP drHfted off and trn�.ted by the manarrer 
with 10 ml of sodium sulphadiazine by subcutaneous injection. A 
dramatic imurovement in the condition of these rams occurred within 
24 hours. The ram lamb flock graduelly improved in condition and 
cou�lting animals were less frequently observ�rl. A total of 15 (3�S) 
ram lambs diP<1. Serum s<1mples collE>cted from 16 rams in this flock 
on Der: 23, 1967 had neutralising An-ti1HH1:;_r to the CSL6 virus, and 
the titre� of sample� collected 10 d1.y.-.; later from the sa!Tle animals 
showed little ch•nge. 
Far!"-...£: A flock of 300-400 CorriP.de le "heep 5 months of age 
was dip�Pd on Dec 29, 1967 and Dec 30, lOA7. F0 clinical si�n� of 
ill health, except some lo�s of cond5+ion, were noticed until 
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Ja':' 15' 1968 when the flock was driven into the yard'. The affected 
an�mals w�re Teported by the owner to lag behind the flock. They 
had a rap1d sha�low :espiration, were depressed·, and died r11lietly. 
About 20 sheep �n th�s flock died over the next 3 days, but. no older 
sheep on the 
�
farm were affected. The veterinary officer, Dr. L. 
Hooper, �· � · Sc •, reported that on autopsy the only signifi Cfl_.nt 
abnormal�t1es Here pneumonia and pleurisy of the anterior lobes 
of the �ungs and the ventral portions of the other lobes. The 
J?neumon1a seen in the lungs forwarded to the laboratory was rqrt.stand­
�ng for three features: the almost solid texture of the hepatised 
areas, the multi-coloured appearance of a cut surface, and the 
presence of necrotic membranes in the bronchioles. 
The o�ner reported subsequently that sporadic deaths occurred 
for approx1mately one month, but no further animals were examined 
at autopsy and the balance of the sheep in the flock gradually 
improved in condition. The total number of deaths was 30 (7-10%). 
Virus Isolation 
Haemagglutinating viruses, which were neutralised by PI3 
antiserum, but not by PI1, PI2, PI4A and PI4B antiserum at a dilution 
of 1/-5 1 were isolated from sheep CSL6, CSL7 (Farm A)1 KGL1,KGL3 (Farm B J; and MER1 ('Pa.rm C). Mycoplasmas �nd PA.c:t,P,!_!__PJJ� spp were 
also isolated from the lungs from which virus was recovered. 
Physicol and Chemical Cha.racterisE>.tion of Virus Isolates 
All the viruses pr(i)duced similar CPE in BK monolftyers and 
intracytoplasmic eosinoPhylic inclusions which were similAr to those 
described previously fo"r PI3 virus (Deibel and Hotchin, 1961) were 
seen in infected cells stained with haematoxylin and eosin. Haemad­
sorption of guinea pig RBC to infected TC was detected before CPE 
became apparent- in these tiss'1 P�. The more detailed examination of 
CSL6 virus showed it to be ether and chloroform sensitive. RDE 
treated RBC were no longer agglutinated by it, and 8Uch cells would 
not adsorb to TC infected �ith these viruses. 
The structure of virions of C�L6, KGL3 and MER1 viruses was 
shown to be sp�erical or pleomorphic and-characteristic of the 
paramyxoviruses (Andrewes and Pereira, 1967). The size of the 
approximately spherical particles of the CSL6 v�rus ranged from 
114-258 mq_ and the pleoporphic particles measured up to 2'1. in length. 
The diameter of the internal core was approximately 190°A. Three 
micnographs which shoW the structure of CSL6 are shown in figures 
6.1' 
Serology 
The results of the cross neutrali�Htion tests using 2 cattle 
isolates of PI3, a sheep strain and a human str�in, R.re. shown it; 
Ta.ble 6. 2. Each virus was neutrR 1 isP.d to the h�ghest t� tre by � t� 
homologous anti serum and to lower ti tres by ant�sera. prepared a_�a�nst
 
the other viruses. 
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TABLE 6.2 
Neut:�-lisation of cattle, sheep and human ::;;trfiins of )Jvx:ovirus p�ralnfluenz. A. type 3 by antisera produced in rabbits. Antibodv t1tres are P.Xpressed as the reciprocal of the serum dilution. � 
··------ --
Antisera to Antibody ti tres against strf·ins of strRins of rn PI3 virus 
.viruses ---
PZL I/RS95 CSL6 Human 
-
PZL (cattle) 400 400 50 160 
WRS95 (cattle) 2000 3100 50 1000 
CSL6 (sheep) 1000 1000 1600 1000 
Human 400 80 20 1000 
- ---
A comparison of the neutralising antibody titres obtained with 
sera collected from cattle and sheep on separa.te f arms when they 
were tested a.ga_inst the r.SL6 (sheep) "nd the PZL (cattle) viruses, 
is shown in Table �.3. 
TABLE 6.3 
Neutrs:t.lising antibody ti tres aga1nst. a C('l,ttlP and a sheep strain of 
�ov1rus parninfluenza type 3 (PI3) virus in cattle and sheep sera 
obtained from fArm animals. Anti body ti tres are P'(pressed F�,R the 
reciprocals of the SPt'llm dilution. 
Serum number Antibody titres RrBinst strAins of PI3 virus 
C'<L6 (shf!epJ PZL (c•ttleJ 
Cattlo 1 50 1000 
2 100 3200 
) 250 16000 
4 100 3000 
5 120 2000 
Sheep 1 60 50 
2 60 130 
3 60 500 
4 150 JO 
5 40 2 
--L----· 
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UTSCT!SSIDN 
Five isolation� of PI3 viruses were made from the lungs of 
sheep from 3 fa:ms 1n centrP_l Victoria. Two of the viruses, CSL6 
and CSL7' were lsolated from successiYe n<:>nPrations of we11.ned lambs 
on one farm (A) �'�� an interval of 10 awni->;:::. Nycoplesmas and 
pasteurella ori,· an1sms. were isolated from those lungs in which virus 
was found, but a detailed study of these or:,·Rnisms was not under+,Aken. 
�h? fie�d histories of pneumonia in sheep on the 3 properties 
are Slffillar 1n that only one age of shee1) was involved on eflch farm· 
na,me� y, w?aned �ambs which were 5 to 7 m�nths of B.ee at the time 
'
of v1:us 1solat1on. On two ot��r f8r�s (B and C) normal farm 
handl1ng proce�ures precipitated the death of sheep which were 
already
. 
suffer1ns; �rom pneumonia; on farm B it wr-_s dip_pinz, and on 
farm C 1 t was dr1 v1ng .the flock in hot weather. 
On farm A, where virtually all of the flock of weaned lambs in 
1967 were involved, deaths were sporadic� On-ce pnel
_
Jmonia was 
diagnosed, handling of this flock was kept to a mlnimum. If this 
flock had been driven or subjected to any severe exertionresultina 
in the vital capacity of the heat exchange capability of the lung; 
being exceeded, larze numbers of deaths may have occurred. In this 
flock, the more importBnt ecr1nomic loss sustained was the severe 
check in growth rate. 
A significant antibody rise WRS demonstrated in the sera of 5 
randomly chosen members of the flock when they were bled twice at 
an interval of 49 days. This indicated that infection with PI3 
virus was recently active within the flock, whereas sheep within 
the flock had been couching for the ?revious 2 months. Further 
investigations are being carried out in an Attempt to determine 
whether PI3 infection moves slowly through a flock or if, in fact, 
other agents can initiate coughing Hnd si.zns of pneumonia rnd the 
PI3 virus is li tt,le more than a "secondary invculer". 
Three of the viruses, one from each flock of shPep, were found 
to be structurally similar to paramyxoviruses in the electron 
microscope, but the structure of the other two wrts not determined� 
All five sheep isolates were identified serologically as PI3 virus, 
but only one of these strains '""'s compared in detail with c�_ttle 
and human strains of FI3 virus. When antiserums produced in rabbi t.s 
were used in cross neutralisation t,psts, there a:ppeared to be greater 
antigenic similarity betwPen the huma.n and cattle strA�ins than 
between these t wo viruses CJ.nd t.he sheep virus. 
Hore and Stevenenn (1967) reported that their sheep isolates 
were closely related to a cattl'; strail_l, t�ou¥'h not identicfll � Our 
results with 8ntisera. produced �n rabbits Indicate that the 
serological relationships between the cattle and sheep st.rRins of 
virus used in this studv are�closer one way thAn the other. The 
cattle virus detected a;tibody to a bieber titre th.<�n did the sheep 
virus in all five sera from naturally infectPd cattle. In tests 
on five sheep sera the differences between th'; titres werP not 
consistent.. Only 3 of the 5 shf'E']! sPra h�d h��h
.
Pr ti +.res r�cAinst 
the sheep virus than against the ca.ttle v1rus. 1·f�_ny m?re �era would 
have to be tested to di�covPr whether the appare�t ant�gen1c . differences are the result of vpri�tion between Infect1ng strains 
within a species or possjble cross infections between species. There 
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could be a range of antiaenic differences amongst viruses isolated 
from both species in addition to an overl�p between viruses isolated 
from c::tttle , sheep or human beings. 
This is thP first report of the isolFJtion of PI3 virus from 
sheep in Australia , but it is not implied that the virus i� new to 
Austr�.liEt. The import�.nce of PI) viru'3, A.S a cause of pneumonia 
in Australi�., has yet to be established. As a step toward a fuller 
understanfling of its importPnce, a serological survey was undertaken 
to estimate the incidence and distribution of infection with PIJ 
virus in Australian �hPe_p. 
SiJMt.lARY 
1. The isolation of Nvxovirus parainfluenza type 3 from the pneumonic 
lungs of five shee-p in three separate flocks in Australia is 
reported. 
2. One of these viruses (CSL6), when compared with t wo cattle 
and one human isolates of PI3 virus appeared to be antigenically 
oiLosely rele.ted., but not identical to the other viruses. 
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7, ACTIVELY AND PASSIVELY ACQUIRED ANTIBODY TO 
MYXOVIRUS PARAINFLUENZA TYPE 3 VIRUS IN FLOCKS 
OF AUSTRALIAN CROSSBRED SHEEP 
INTRODUCTION 
In 1?63 a flock of 12-1� month old pregnant Merino crossbred 
ewes was 1ntroduced onto a f1eld station belonging to the CSIRO 
Ani�al Health.
Laboratory �o provide serum for use in tissue culture 
media. Low t1tres of antibody to a human strain of Mvxovirus parainfilluenza. type 3 (PI3) were found in sheep from this flock tst 
Geo:ge and French, 1966). When a sheep strain of PI3 became available, 
ant1body to th�s agent 1n the flock was investigated, 
MATERIALS AND METHODS 
The initial flock was established by the purchase of 39 ewes 
in Jul, 1963. Its compo�ition varied over the period because of the 
introduction of rams, natural increase, the removal of ewes or lambs 
for use in other experiments, and the sale of excess lambs. The 
number of lambs born was 35 in 1963, 36 in 1964 and 20 in 1965, 
Stray dogs killed part of the flock in 1966, 
Blood samples were collected from the flock as follows:-
In Jul 1963, Oct and Nov 1964, and Jan and Jul 1965. In addition, 
the lambs born in Jul - Aug 1965 were bled on the day of birth (11 
before suckling), the day following, and at weekly intervals there­
&fter until Apr 1967 when t he study of the lambs was terminated, 
Their mothers were bled on the day of lambing in 1965, the following 
day and then monthly for 5 months. Some surviving ewes were bled 
in Nov 1966 and in Mar and Aug 1967. 
The tests on serum samples were carried out at varying intervals 
after collection. Prom the results obtained the serum samples from 
certain sheep or Iambs were selected for more precise sturlies. To 
overcome technical variation between tests all serial serum samples 
from a single animal, or from sets of twins, were tested on the same 
day. 
All available serum samples from 5 ewes were �sted in this 
manner and also the serum samples collected in the first 6 months of 
life from the twins born in 1965 to 2 of these ewes. A limited 
examination only was made of the normal antibody decline in the other 
16 lambs born in 1965, by testing serum samples collected the day 
following birth, and at 4, 8, and 12 week� of age, S�rum samples 
were tested undiluted and in 3 fold dilut1ons • .  The t1tres are 
expressed as log2 for comparison with the HI t1tres. 
HI tests were performed as described by Lamette and Schmidt (1964) 
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using 4
.
haemagglutinating (HA) units of PI3 virus and guinea pig 
RBC • .  T1tres are expressed as the reciprocal of log� of the highest dilut1on of serum which completely inhibited agglut1nation. The 
serums were adsorbed overnight at 4oc with 1% guinea pig RBC prior 
to test. 
Se�um samples were collected from 3 separate flocks on the farm 
from wh1ch the CSL6 strain of, Pl3 virus originated (to assess the 
possible application of the regression equations to other flocks). 
The number ofSheep in the flocks from which serum samples were 
obtained is as follows:-
Flock 40 maiden ewes; 
Flock 2 19 lambs aged 7 months; 
Flock 3 29 lambs of similar age and origin 
as in Flock 2. 
Flock 1, the 40 sheep selected as the first sample was insuffic­
iently large torepresent a population, so further samples were later 
collected from a flock of 7 months old lambs on the same farm which 
had experienced natural infection with PI3 virus. Until shortly 
before sampling, these lambs had been in 2 separate groups (Flocks 
2 and 3) and it was found that their antibody titres, when graphed, 
seemed to separate them into their original 2 populations. Though 
the e&mple numbers in the separate flocks were now small, they were 
dealt.with separately in the statistical analysis. 
RESULTS 
Of the 39 original ewes, 35 had PI3 antibody at the time of 
purchase. The only sera-conversion from negative to positive known 
to occur in the flock was a 1964 lamb. This lamb was run with another 
flock for approximately a year before being returned to the main 
flock, and conversion occurred in this period. No evidence is 
&VI'tilable as to how the infection of this la.mb occurred. 
The one ewe without SN or HI antibody to Pl3 wben it lambed in 
1965 had twin lambs which were similarly negative. The other 12 of 
the 13 ewes which had lambs in 1965 were positive for PI3 antibody 
and their 18 lambs were also positive; 15 of the 18 had titres higher 
than their mothers. 
Of the 3 exceptions, the history disclosed that one lamb was not 
allowed to suckle by its mother until the mother was penned and held, 
some hours after lambing; a second lamb could not obtain milk as 
the mother's teats had firm wax plugs which had to be manually 
removed; the other lamb (one of twins) had a difficult birth, and 
may not have been strong enough to get full access to colostrum. No 
PI3 antibody was present in the serum samples obtained from 11 lambs 
before they suckled but was present in.the sample co�lected the 
following day. Each of one pair of tw1ns had a p�rs1stent low level of HI antibody (titre of 4) which was the only ev1dence of non­
specificity detected. 
A comparison of the PI) antibody status of a ewe and one of her 
twin lambs in the first months of the lamb's life is shown in Figure 
7 .1. 
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Of the 5.ewes whose PI3 antibody titres were compared over a 
pro�onged per�od, the titres of both the neutralising and the HI 
ant�body tended to be stable for the periods of observation which 
were 114, 118, 171, and 214 weeks respectively. 
Statistical analysis of data on maternal antibodies*: 
The.analysis of antibody relationships was confined to the 
data ava�lable from the lambs born in 1965 and their mothers. The 
data from.those �am
bs where there was an explanation as to why the 
serum ant�body t�tre the day after their birth was lower than that 
of the corresponding antibody in the mother was e xcluded from the 
analysis. 
Data have been examined by regression analysis, the variables 
used were 
Age of lamb 
Ewe's titre at birth of lamb 
Lamb's titre at age x1• 
Analyses were done separately for the PI3 SN and HI tests. In 
order to combine the detailed information on a few lambs with the 
skeleton information on most lambs, a technique described by Williams 
( 1959) was used. 
The equations obtained were:-
PI3 (HI): Y 
PI3 (Neut.): Y 
-0.316- 0.4062x1 + 1.295x2 
2.2331 - 0.4466x1 + 0.7877x2 
Both regression coefficients are highly significant. The 
differences in the regressions is significant so that the lines can 
not be regarded as parallel. 
An estimate of the age at which a particular lamb would be 
unprotected may be calculated from the equation, provided the 
�
other's 
titre is known and it is assumed that when a lamb's titre is 2 or 
less it is unprotected. However, what is required is an estimate of 
the age at which not more than a given percentage (P) of the flock 
of lambs will be unprotected. This maternal antibody age could be 
calculated by insertion in the equation, estimates of the P-percent 
points of the distribution of ewe's titres. 
From a graphical examination of data on PI3 SN antibody to 
virus for 3 flocks examined from the additional farm, it was obvious 
that the distributions for the flocks differed and, in one case, 
was almost certainly not normal. Therefore cumulative frequency 
percentages were plotted again � t titre and, �rom these graphs, estimates of the 5% and 50% po�nts were obta�ned for each flock. 
* The analyses were performed by Miss N. Ditchburne and Mr. P.J. 
Pahl B.Sc., of the CSIRO Division of Mathematical Statistics. 
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�he 50% points (medians) were then used in the prediction 
equat1on for PI3 (SN antibody) to obtain estimates of the aaes at 
which 50% of lambs born to ewes in these three flocks wouldobe 
unprotected, and the 5% points to estimate age at which not more 
than 5% of lambs would be unprotected• 95% fiducial limits of these 
estimated ages were calculated. Resuits are shown in Table 7.1. 
For 2 of the 3 exceptions where the antibody was lower, there 
was a k�own_
h�story of delay in the lamb obtaining colostrum. As 
the ava1lab1l1ty to transfer antibody across the intestinal wall is 
progressi�ely lost by a lamb within 36 hours of birth (Brambell, 
�958), th1s del�y could account for the reduced amount of antibody 
�n �h� Clrcula�lo� of th� lamb. The only explanation, other than 
1Dd1v1dual var1at1on, wh1ch can be advanced for the other exception 
was that the lamb was one of twins and it may not have received a 
full share of the available colostrum in early life. 
Fischman (1965) found antibody to a human and a cattle strain 
of PI3 in sheep. Most serums that he found to be positive for HI 
antibody also had SN antibody. In a more extensive study using these 
strains, Fischman (1967) sampled 13 lambs at monthly intervals for 
5 months and found serological evidence of active infection which 
produced antibody to th�se viruses. The correlation between HI and 
SN tests improved as the lambs got older. He demonstrated that the 
HI antibody was not present in 7 of 8 newborn lamhs and that the 
titres of 4 lambs approximated that of the mother at �-5 days of age. 
Faye et al (1967a)had 5 ewes whose lambs had PI3 antibody under 
supervision so that blood samples could be collected before the 
lambs obtained colostrum. The lamb's serum had HI titres of 10 to 
40 which they considered non-specific. Each of these lambs had 
developed an HI titre higher than that of their mother when tested 
2 or 4 weeks later. In 3 of these 5 lambs, the HI titre was shown 
to have declined 2 or 4 weeks after the initial sample was collected 
but the data that Faye et al published was not comprehensive enough 
for comparison with the findings of this paper. 
The only occurrence of actively produced antibody in the CSIRO 
flock was in the original ewes and in one sheep which probably 
acquired infection while away from the main flock. No serological 
evidence of spread within the flock was found indicating that no 
sheep in this small flock was a carrier of PI3 virus. 
In the 1965 lambs, SN antibody to PI3 was transferred from the 
ewes with antibody to their lambs after suckling but there was no 
evidence of PI3 antibody in the lambs from the ewe without antibody. 
While no conclusions can be drawn from such a small flock, the 
occurrence of non-specific inhibition of PI3 haemagglutinin in the 
serums of twin lambs suggests that reaction at the dilution of l may 
not be evidence of infection. This is below the minimum dilution 
of 1/8 suggested by Lennette and Schmidt (1964) for use in human 
diagnostic tests. 
The slope of the line illustrating the decline of PI3 �I 
antibody (Figure 7.1) appears less than that of the SN ant1body. 
The mathematical findings conlirm that the rate of ant1body deea� 
tor each antibody is not the same, means that the. sepa.rate equat1ons 
derived from this flock must be used for each ant1bod�. B� use of 
either of these equations the antibody level to PI3 v1rus_
1n a flock 
of ewes can he used to predict the approx1m�te t1me at wh1ch the lambs 
would have lost their antibody to the PI3 v1r�s, and hence when the 
lambs would become susceptible to infection w1th th1s v
1rus. 
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TABLE 7.1 
Table of Estimated Age at which P% of Lambs would be 
unprotected. 
Flock P% Ewe's titre Age 95% fiducial limits 
(weeks) 
1 5 4.1 8.0 7.4-�.5 
50 5.5 10.4 10.1-10,8 
2 5 0 0.7 0 -2.5 
50 2.1 4.4 3.3-5.6 
3 5 2.6 5.3 4.3-6.3 
50 5.1 9.7 9.4-10.8 
As vacOOnation of sheep against PI3 infection could be a useful 
prophylactic measure, an attempt was made to apply the results to 
ewes on another farm. The level of maternal antibody that constituted 
protection had to be assumed for the model. It is possible that 
protection exists in the absence of detectable antibody. 
The results are close for flocks 1 and 3 but the time by which 
protection was lost is much less for flock 2. If vaccination with 
a live vaccine were to be considered as a means of control of PI3 
virus infection in a flock, the age at which lambs could be vaccinated 
would be influenced by the level of antibody in the mothers. The 
ideal age to vaccinate would be that at which antibody has just fallen 
below a level where it would render the live vaccine ineffective. 
Variation from flock to flock in the predicted age of susceptibility 
occurred in 3 flocks on the one farm so it would be unlikely that a 
geaeral recommendation would be possible. 
The second possibility would be to use a killed vaccine with 
or without an adjuvant. Two approaches could be used with this 
vaccine, depending on the type of flock involved, If fat lambs 
are being raised, sufficient protecti-on by maternal antibody could 
be provided by vaccination of the ewe prior to lambing" If the 
lambs are to be retained for breeding, most could be safely 
vaccinated up to one month of age even when the flock had the low 
average titres of flock 2. If the ewes do not have antibody, then 
the lambs are unprotected from birth and vaccination should be as 
early as is feasible. 
SUMMARY 
1, The persistence of neutralising (SN) and haemagglutination 
inhibiting (HI) antibodies to a sheep strain of Myxovirus 
parainfluenza type 3 (PI3) in ewes and the passive transfer of 
this antibody to lambs was studied in a flock of Australian 
sheep on an experimental station. Titres were found to be stable 
in 5 ewes over the period studied, namely 114, 118, 171, and 
214 weeks. 
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2. Two separate regression equations were produced to describethe 
decay of the maternal SN and HI antibody as in lambs to PI3. 
J. The regression equation for PI3 neutralising antibody was 
applied to the levels of PI3 antibody in thee.es on another 
farm to predict the time when the lambs in 3 flocks would lose 
maternal antibody protection. The average age at which 50% of 
each flock would fall below a titre of 4 (an arbitrary 
protective level of antibody) was 4.4, 9.7 and 10.4 weeks 
respectively. 
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8. A SEROLOGICAL SURVEY OF MYXOVIRUS PARAINFLUENZA TYPE 3 
INFECTION IN SHEEP IN AUSTRALIA 
INTRODUCTION 
A survey of the Australian sheep population for antibody to 
Pl3 was undertaken to determine the incidence and distribution of 
infection with this agent. 
MATERIALS AND METHODS 
The survey plans outlined in Appendix A were considered and 
the feasible size of this survey was fixed at 1000 sheep from 500 
flocks. Between the time when the survey was launched and the actual 
serum samples were collected, later sheep population figures than 
those given in Appendix A became available, but the survey was 
carried forward on the earlier figures. 
The co-operation of the Chief Veterinary Officers or each of 
the states was obtained and the actual serum collection was carried 
out by officers of their Departments. The serum samples from sheep 
in the Australian Capital Territory were obtained by an officer of 
the Commonwealth Department of Health. The collecting officers in 
N.S.W., Victoria and South Australia sent blood samples direct to 
Melbourne in insulated containers. In Queensland, Tasmania and 
Western Australia, the blood samples were sent to the state diagnostic 
laboratories where the serum was removed and then forwerded to 
Melbourne. Serum samples were stored at -20°C until the collection 
was finished and they were then tested, 
The following information was supplied by the collecting 
officers:-
Name and address of the owner, location of the farm, and the 
age, sex and breed of the sheep. 
The age was given in months or years or else by the number of 
the incisor teeth which had erupted. This estimation of age by the 
number of incisor teeth was converted to an approximate age from a 
table of dentition (Belschner, 1965). The farms from which the sheep 
sera originated were separated into those in the areas of Australia 
which receive:-
b
a
) 
an average of more than 20 inches of rain; 
) 
15 to 20 inches of rain; and c) less than 
15 inches of rain. 
The incidence of antibody in each of these areas was then 
ajparately determined. Similarly the samples were divided into 
a those north of the 25th parallel; b) those between 
the 25th and 30th parallels; c) 30th and 35th parallels and d) 
south of the 35th parallel, The data was punched onto Hollerith 
cards and sorted into the categories of location in statistical 
districts, age, sex and breed by use of the CDC 3600 Computer at the 
CSIRO Division of Computing Research, Canberra, 
The neutralisation test �as carried out as previously described 
in BK tissue cultures (Section 4a) with the CSL6 (sheep) strain of 
PI}, All sera were initially examined for antibody at a dilution 
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of 1/5. Of the posit1ve sera 60 were selected for titration b y 
ranking them in ord�r of collection then using a table of random 
numbers. The titrations were to g1ve an estimate of the range of 
titres to be expected in field animals . These 60 sera were t ested 
for antibody in a single test to minimize variations at dilutions 
of 1/10, 1/30, 1/90, 1/270. 
RESULTS 
The response to the requirements of the survey varied from area 
to area but the quota was filled in 32 of the 50 areas and supplied 
partially in 14 others. The number of flocks which were used in 
the survey and the number required is shown in Table 8.1. The serum 
samples were collected between Oct 2 1967, and Aug 8 1968. �oot of 
the samples were collected in the first 3 months of the survey. 
The incidence of antibody separated by states of origin of the 
samples is shown in Table 8 .2; by age in Table 8.3; by breed in 
Table 8.4; and by sex in Table 8. 5. The incidence in the areas of 
different average annual rainfall was:-
a) less than 15 inches , 103 out of 142 (73%) positive ; 
b) 15 to 20 inches 1 182 out of 244 (75%) positive ; and 
cl over 20 inches , 352 out of 446 (79%) positive. 
The incidence of antibody in areas at intervals separated by 
latitude is:-
a) North of 25°1 39 out of 68 (57%); b) 25° - 30°1 78 out of 120 
(65%); c)30o - 35°, 259 out of 320 (8 1%);d)South of 35°, 261 
out of 324 (81�). 
Due to a technical mishap the titres of only 59 of the 60 
sera chosen for titration were �uccessfully determined. The 
distribution of positive titres was:-
(5-10
.
) 5%i (10<30) 22%; and ( ;::..270 1 H>%. 
( 30�90) 46%; (90�270) 17% 
TABLE 8.1 
A comparison is made in this table of the number of flocks actually 
oampled with the numbers proposed. 
Serial Statistical Division No. of flocks Actually 
Proposed Sampled 
1 North Coast 0 0 
2 Hunter 8: Ma.nning 2 2 
3 Metropolitan 0 0 
4 South Coast 2 2 
5 Northern Tableland 14 14 
6 Central Tableland 24 24 
7 Southern Tableland 16 16 
8 Northwestern Slope 18 15 
9 Central western Slope 19 14 
10 Southwestern Slope 32 29 
- - -· --
- 60 -
T&ble 8.1 contd. 
Serial Statistical Division No. of flocks Actually 
Proposed Sampled 
11 North Central Plain 16 16 
12 Central Plain 23 23 
13 Riverina 26 26 
14 Western - E. of Darling 13 8 
15 Western - W. of Darling 17 16 
TOTAL N.S.W. 222 205 
16 Central 7 7 
17 North Central 7 7 
18 Western 33 33 
19 Wimmera 12 12 
20 Mallee 4 4 
21 Northern 11 11 
22 North western 8 8 
23 Gippsland 4 4 
TOTAL VICTORIA 86 86 
24 Moreton ) 1 1 
25 Maryborough ) 
26 Downs 13 6 
27 Rom a 12 12 
28 Southwestern 13 6 
29 Rockhampton 1 1 
30 Central Western 15 13 
31 Far Western 7 7 
32 Mackay 0 0 
33 Townsville 0 0 
34 Cairns 0 0 
35 Peninsular 0 0 
36 North Western 10 10 
TOTAL OUEENSLAND 72 56 
37 Central Division 11 11 
38 Lower North 6 6 
39 Upper North 3 3 
40 South-eastern 14 13 
41 Western 8 8 
42 Murray Mallee 5 5 
43 Outside Counties 3 1 
TOTAL SOUTH AUSTRALIA 50 47 
44 Metropolitan ) 0 0 
45 Swan ) 
46 South-west 3 1 
47 Southern Agricultural 15 0 
48 Central Agricultural 18 0 
49 Northern Agricultural 11 4 
50 Eastern Goldfields 3 3 
51 Central 3 1 
52 Northwest 4 2 
53 Pilbara 1 0 
54 Kimberley 1 0 
'T'O'I'AL n;§TERN AUSTRALIA 59 11 ' 
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Table 8.1 contd. 
�eria.l Statistical Division No. of flocks Actually 
Proposed Sampled 
55 Urban 0 0 
56 Northwestern 2 2 
57 Northeastern 2 2 
58 North Midland 2 2 
59 Midland 3 3 
60 Southeastern 2 2 
61 Southern 0 0 
62 Western 0 0 
TOTAL TASMANIA 11 11 
T 0 T A L A U  S T R A L I A 500 416 
TABLE 8,2 
The number and percentage of sheep and farms positive for antibody 
to Myxovirus parainfluenza type 3 is shown by states. 
Flocks Sheep 
STATE 
No. 
% 
No. 
% 
Pos. PI3 Total Pos. PI3 Pos. PI3 Total Pos. PI 
N.s.w. 185 205 90 322 410 79 
!viCTORIA 78 86 90 143 172 83 
QUEENSLAND 42 56 75 64 112 57 
SOUTH AUSTRALIA 40 47 85 76 94 81 
!wEST. AUSTRALIA 10 11 91 18 22 82 
TASMANIA 8 11 73 14 22 64 
j!USTRALIA 363 416 87 637 832 76 
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TABLE 8.3 
The number and percentage of sheep positive for antibody to 
Myxovirus parainfluenza type 3 is shown in age categories. 
AGE - MONTHS No. Pos. PI3 Total 
% 
Pos. PI3 
6<12 65 111 59 
12<18 126 171 74 
18<30 87 113 77 
30<:;42 67 86 78 
"';>42 290 349 83 
UNKNOWN 2 2 -
TOTAL 637 832 
TABLE 8.4 
The number and percentage of sheep positive for antibody to 
Myxovirus Parainfluenza type 3 is shown in categories by breed. 
Breed No. 
% 
Pos. PI3 Total Pos. PI3 
Merino and Come )Jack 368 488 75 
Polwarth & Zenith 16 20 80 
Corriedale 62 76 82 
Crossbred 
( Merino X British Breeds ) 130 160 81 
British Breeds 61 88 69 
TOTAL 637 832 
TABLE 8.5 
The number and percentage of sheep positive for antibody to 
Myxovirus pa.rainfluenza type 3 is shown in categories by sex. 
Sex No. Pos. PI3 Total % Pos. PI3 
Ewe 393 484 83 
!wether 189 258 70 
�am & stags 49 82 60 
!unknown 6 8 -
TOTAL 637 832 
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DISCUSSION 
Very few serological surveys for P13 antibody in sheep ha.ve 
been published and these are not comprehensive and merely show the 
presence of antibody rather than the true incidence. Fischman 
(1965) found 81% of 37 sheep sera collected at one abattoirs in the 
U.S.A. had SN antibody. Singh and Ata (1967) found 10 out of 64 sheep 
sera (15.6%) collected at the Cairo abattoirs in the United Arab 
Republic were positive for SN and HI a.ntibodies, Faye et al (1967a) 
found 80% of 30 ewes in France had HI titres of over 16o:--Lange 
(1967) found 65.5% of 90 sheep in Syria had HI antibody, Provost 
ot al (1967) found 23 of 29 sheep in central Africa had HI titres 
greater than 10. 
The present survey was not fully successful as only 83% of the 
target number of samples was collected. Except for t he Western 
Australian sheep, the collection is representative of the Australian 
flock. Beoause the statistical information on which the survey is 
baoed lagged behind the real situation existing at the time of survey, 
the distribution of sampling points is subject to error. This is 
necessarily so beca�se livestock statistics describe history not 
current numbers. However, almost all the districts of Australia 
with appreciable numbers of sheep are represented. Since only 2 
samples per flock were collected the estimate of the flock incidence 
is a minimum figure as a flock with a low incidence of PI3 infection 
could easily be classified as negative in this survey. However, the 
survey has yielded the information that PI3 infection occurs through­
out the sheep population of Australia and the average incidence is 
high. Of the f locks sampled in this survey 87% had antibody, 
The incidence of PI3 infection in the Australian flock is 76%. 
On the assumption that the sample is representative of the sheep 
population the estimate of the maximum error as discussed in Appendix 
A is ± 3.5%. The sheep in all states have a high incidence, the 
highest being Victoria and the lowest Queensl•.nd. Victoria has the 
most intensive sheep industry and Queensland the least. The apparent 
increase in incidence from north to sou�h also occurred when parallels 
of latitude were used to divide the population instead of state 
boundaries. 
There is evidence in Table 8.3 that the incidence of antibody 
increases with age. This means that although a majority (59%) of 
sheep become infected in their first year of life, infections do 
occur in sheep of ages up to at least 31 years. The age groupings 
arP. subject to considerable error as the table of dentition used as 
a guide to age is not necessarily accurate for all breeds of sheep 
and also the number of observers was large. However, the likelihood 
is that the age in the sheep over 12 months of age if in error would 
fall into one category too high or one too low in table 8.3 which 
would not greatly alter the trend. 
The different incidences shown by various groups of breeds is 
probably influenced by husbandry practices re.ther than differences 
in breed susceptibility. The highest incidences are found in 
Corriedale crossbred sheep, and Polwarths which are found more 
abundantly in the areas of more intensive stocking. The Merinos . 
tend to be in areas with less improved pasture and hence lower stock1ng 
rates. The lower incidence in British Breed is perhaps bec�use rams 
are over represented in this group. 
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The different incidences in the sexes is also probably affected 
by husbandry. Rams are separated e�rly in life from the rest of 
the flock and usually do not rejoin the flock until they are over 1 
year of age, thus they have less chance to encounter older animals 
which may be carriers of PI) virus. Also, ewes tend to be kept to 
a greater age than either wethers or rams. 
It would need a somewhat larger survey to provide large enough 
groups to examine the interaction of the factors of age, sex and 
breed on incidence. 
The ohject of splitting the sheep population into 3 groups by 
rainfall was to examine one effect of climate. The difference in 
the 3 rainfall zones was minor, 73% to 79% from low to high rainfall 
area. The incidence from the north to the south of Australia 
increased progressively from 57% in the north to 81% in the south 
and the differences was more marked than for the rainfall zones. 
The reason cannot be entirely the effect of population density as 
this increases both from low to high rainfa.ll and also from north 
to sou!!h. Similarly the gradient from pure Merino population to 
increasing percentages of Corriedale and Crossbred in the population 
operate from north to south and from low to high rainfall areas so 
a breed effect should cancel out. No obvious explanation can be 
advanced for the apparent variation in antibody incidence. 
1. 
2. 
3. 
4. 
SU1'1MARY 
A serological survey of infection of sheep throughout Australia 
was carried out by obtaining serum samples from each of 2 sheep in 
416 flocks. The number of flocks in each sheep district was de­
termined by the proportion to the Sheep population in the part­
icular district. The sheep to be sampled were restricted to those 
over 6 months of age in flocks with no known history of pneumonia. 
The total incidence of antibody was 76%,and 87% of flocks had 
1 or 2 serum samples with antibody. 
The p ercentage of sheep with antibody rose progressively from 59 
in sheep between 6 and 12 months of age to 83 in sheep aged 42 
months or greater. The incidence was 69% in British Breeds, 75% 
in Herinos and 81% in the crosses between British Breeds and 
Merinos. The incidence of the sexes was in rams and stage 60% , in 
wethers 70% and in ewes 83;/o, 
There was a slight increase in incidence from 73% of sheep with 
antibody in low rainfall (less than 15 inches per annum) to 
75% and 79% in areas of higher rainfall (15-20 inches and more 
than 20 inches per annum, respectively). In contrast the 
incidence increased from 57/;� in the sheep in the area north of 
the 25th parallel of latitude to 81% in �he �heep south of the 
30th parallel. No satisfactory explenat>on >n regard to 
husbandry or population density was advanced to account for 
these differences. 
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9. TRANSMISSION EXPERIMENTS 
9 (a) TRANSMISSION OF PNEUMONIA BY INTRATRACHEAL INJECTION OF 
PNEUMONIC LUNG AND BY CONTACT 
Introduction 
An attempt was made to establish whether the pneumonia observed 
in a field outbreak could be transmitted to healthy sheep. 
Materials and Methods 
Six healthy lambs were obtained from a CSIRO flock maintained 
at the Maribyrnong Experimental Station. At that time pneumonia 
was not known to occur in that flock. Twelve merino lambs were 
clinically examined in a flock on a farm (BOS) in wht<h an outbreak 
of pneumonia was in progress. Serum samples were collected from 
each of these animals. Three of these sheep with the highest 
temperatures and clinical pneumonia were brought to the laboratory. 
Two of these sick lambs were placed in a loose box with 2 
healthy lambs. The sick lambs were killed on days 7 and 40 respect­
ively, the in-contact healthy lambs on days 17 and 61. The third 
!ick lamb vas killed, and about 5 grams of lung wa� collected in 
small pieces from several pneumonic areas and ground with sterile 
alundum and beef heart infusion broth. After the coarse material 
settled, 5 ml of supernatant was taken and injected intratracheally 
into 2 sheep without causing any distress. These sheep were killed 
7 and 54 days later. 
Rectal temperatures were taken daily. Serum �amples were 
collected on the day the experiment began and the day each sheep was 
killed. Lung collected by a sterile technique was ground in broth 
containing tyrothrycin, streptomycin sulphate and sodium sulpha­
diazine (Modified TSS broth) and inoculated into YS of 5 day old 
eggs and into BK tissue culture. CF tests with chlamydia group 
antigen were performed on all serum samples and neutralisation tests 
with the CSL6 strain of PI3 virus were carried out on the same serum 
samples two years later. Fresh lung was cultured for bacteria and 
mycoplasmas. 
Results 
The sick lambs placed in contact with healthy lambs improved 
steadily after the first two days when their temperatures fellw 
normal and they were in good bodily condition when they were killed. 
The healthy in-contacts showed no clinical signs of pneumonia nor 
any elevation of temperature. The lungs of the sick lambs had areas 
ot pneumonia when examined post mortem, but the lungs of the in­
contacts were normal. No evidence of viruses or chlamydiae was 
found in tissue cultures or eggs from the lungs of either the sick 
sheep or the in-contact sheep. 
The inoculum given intratracheally to 2 sheep contained a myco­
plasma and a gram negative bacterium. The she�p which were.
inoculated 
remained normal during the course of the experiment and the1r lungs 
appeared normal post mortem. 
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No CP antibody to chlamydia antigen was detected in any serum 
sample but �he shee� bled on farm BOS, including the 3 sick she�p 
used for th1S expe:nment, had SN antibody to PI3 virus, PI3 antibody 
was st1ll present when they were killed. All 6 sheep from the CSIRO 
flock, which w�re used in the experiment, did not have PI3 antibody 
at the beginning of the experiment nor when they were killed at the 
conclusion. 
Discussion 
No evidence of transmission of pneumonia was obtained from the 
inoculation of affected lung from a clinically ill sheep, or by 
placing healthy sheep in contact with such sheep. 
The serological evidence was completed very much in retrospect, 
but does assist to explain the situation. At the time this experiment 
was carried out the presence of PI3 infection in sheep in Australia 
was neither known nor suspected. If the pneumonia in the sick sheep 
from farm BOS had been initiated by PI3 then the antibody response 
to this infection had occurred by the time the sheep were obtained 
from the affected flock and the virus was no longer present in the 
lung. The gram negative bacteria and mycoplasmas could be regarded 
as secondary invaders. Additional evidence that PI3 was no longer 
present is provided by the failure of the control, inoculated and 
in-contact sheep to develop neutralising antibody to PI3. 
No serological evidence was found that chlamydiae were present 
in the lungs of the sick sheep or were transmitted to the healthy 
shee� . This was in spite of the f act that a strain of chlamydia 
(BOS) was isolated from the faeces of the sheep whose lungs were 
used for the inoculum (section 6), 
Alternative explanations can be advanced to account for the 
failure to transmit the pneumonia. The first is that the healthy 
lambs were immune to the gr&m negative bacteria and mycoplasmas by 
previous contact. The second explanation is that the pneumonia was 
not infectious by the methods used, namely intratracheal inoculation 
or contact over the period of 40 days. 
The most probable explanation of these results is that PI3 
virus was responsible for the field outbreak of pneumonia, but had 
disappeared from the particular sick sheep obtained from this flock 
because of the appearance of antibody. 
Summary 
1, Pneumonic lung, which contained mycoplasmas and gram negative 
bacteria, was collected from a sick sheep and was inoculated 
intratracheally into 2 sheep. They did not develop pneumonia 
in 7 and 54 days respectively, 
2. Each of 2 healthy sheep placed in contact with 2 sheep with 
clinical pneumonia showed no evi�ence of pneumonia after a 
period of 17 and 61 days respect1vely. 
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9 (b) INOCULATION OF A CATTLE STRAIN OF MYXOVIRUS PARAINFLUENZA 
TYPE 3 VIRUS INTO SHEEP 
Introduction 
An experiment was carried out to determine whether a bovine 
strain of Myxovirus parainfluenza type 3 (PI3) virus could infect 
sheep. 
Materials and Methods 
Tissue Cultures: 
Bovine kidney (BK) tissue cultures were grown and maintained, 
as described in section 4a, with 10% of ox serum free of PI3 anti­
body added to the growth medium and 3% of this same serum to the 
maintenance medium. 
�: 
The virus wsed was the second TC passage of the PZL strain of 
PI3 virus isolated from the lungs of a cow lSt George an� French, 
1966). 
Inoculation procedure: 
Two ml of TC supernatant, which contained 107 TCID50 of virus, 
were injected through a 19G needle into the lumen of the trachea 
of each of two sheep held in a standing position. The virus was 
washed down the trachea with 2 ml of saline. 
Virus isolation: 
Sterile cotton wool swabs were dipped in 5 ml of Hanks' Solution 
plus 1,000 units of Nystatin/ml. The swab was rubbed across the 
nasal mucosa then broken off into the same Hanks' solution. 0.2 ml 
of the supernatant was inoculated into each of 4 BK tissue cultures. 
The TC were examined for CPE and after 8-10 days the tissues were 
tested for haemadsorption with guinea pig RBC after the maintenance 
medium was replaced. The medium from negative TC was pooled and 
passed to a further 4 BK and these TC were tested for haemadsorption 
when they showed signs of age (usually at 7-10 days). The viruses 
which were reisolated were identified as described (St George, 
1969). 
Experimental procedure: 
Two sheep, which were free of neutralising antibody to the 
PZL strain of PI3 virus, were placed in an isolation unit. All 
persons who entered the isolation unit wore protective rubber 
clothing which was disinfected with 2% lysol solution. Rectal 
temperatures of the sheep were taken twice daily. Once each day, 
clinical observations were made and swabs of nasal mucus were 
collected for virus reisolation. Serum srumples were collected on 
days 0, 7, 14, 21 of the experiment. One sheep, T17, was killed 
on day 7 the other on day 21. Lungs were cultured for bacteria 
and myco;lasmas by Mr. G.S. Cottew, M.Sc., and by the procedure 
already described for viruses. 
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Serology: 
Serum neutralis�tion tests were carried out in BK tissue 
cultures using 100 TCID50 of the virus and 4 TC per threefold 
dilution of serum. Titres were calculated by the method of Reed 
and Muench (1938). HI tests were performed by the method of 
Lennette and Schmidt (1964) using guinea pig RBC. 
Results 
The results of temperature observations, virus reisolation 
and antibody responses are shown in Figure 9.1. The viruses 
isolated were identified as PI3. Apart from a temporary loss 
of appetite, a slight mucus discharge from the nose and the temp­
erature response, no other clinical signs were observed. At post 
� examination, areas from 2 - 3 mm to 1 em diameter of 
hepatisation were evident in the lungs of both sheep. No micro­
organisms were isolated from the lungs of either sheep. 
The microscopic changes seen in the lung sections were princip­
ally oedema of the alveolar walls with a marked increase in the 
number of cells in the walls; peribronchial cuffing; and exudation 
into the lumen of the bronchi of mucus leucocytes and cell debris. 
Some of these changes are illustrated in Figure 9.2 which is a 
section of lung from the sheep killed at 7 days. The sections of 
lung from the sheep killed at 21 days contained fibrin in the 
consolidated areas (Figure 9.3). 
Discussion 
The growth of moulds from the nasal swabs interfered with the 
reisolation of virus but the virus was undetectable at the time 
antibody was a pparent on day 7. That no virus was d etected in lung 
post mortem could be accounted for by the presence of antibody in 
the animal at that time. Faye et al (1967b) similarly reported 
that they could not reisolate a cattle strain of PI3 from the lungs 
of 2 lambs killed 7 days post infection. They also said that the 
clinical response to experimental infection was mild. 
The pneumonic lesions are only circumstantially attributable 
to infection with PI3 virus as no control animals were kept. However, 
the clinical response in the period over which virus was isolated 
from nasal swabs and the antibody response demonstrated that a 
bovine strain of PI3 could infect sheep. 
Summary 
1. Two sheep were infected by intratracheal inoculation of a 
bovine strain of Myxovirus parainfluenza type 3. Virus was 
reisolated from nasal mucus until the 5th and 7th post 
inoculation day respectively. 
2. Pneumonic lesions were produced in the lungs of both sheep 
but clinical signs of pneumonia were mild. 
'"' 
� 
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FIGURE 9·1 
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ill 
Two sheep T17 and T18 were inoculated with a c attle strain of 
MY�'!i!�LJ>arainflul nza type 3 I PI 3 I • 
The temperature response to infection. the excretion of Pl3 
virus from the nose and the haemagglutination inhibiting ( H I I 
and serum neutralising IS N I antibody levels are shown in this figure 
FIGURE 9, 2 H & E ( x4 0) 
Thls sectlon was from the lung of a sheep killed seven days 
after infection with a cattle strain of Myxovirus para-
influenza type 3. The particular features shown are 
lntra-alveolar oedema and exudate in the bronchiolea 
FIGURE 9,3 H & E (x40) 
Thls sectlon was from the lung of sheep Tl8 killed 21 days 
after infection with a cattle strain of Myxovirus para­
influenza type 3o Fibrin has been laid down in the 
pneumonlC area. 
FIGURE 9.4 H & E (x40) 
Th1s sect1on was from the lung of lamb MA6 killed six 
days after infection with a sheep strain of t-lyxovirus 
parainfluenza type 3 o There is an area of complete collapse and an area which shows some oedema of intra-
alveolar walls. The bronchiole contains exudate. 
FIGURE 9.5 H & E (x40) 
Thls sect1on was from the lung of lamb f'lA5 killed eight 
days after infection with a sheep strain of M¥xovirus 
�arainfluenza type 3. The degree of oedema 1n the 
1nteralveolar walls and the number of cells in the �alls 
is variable. 
9 (c) 
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INOCULATION OF A SHEEP STRAIN OF �ITXOVIR�S PARAINFLl�ZA 
TYPE 3 INTO SHEEP 
Introduction 
Th� isolation of PI3 virus from the lung of sheep with 
pneu�o�1� p�sed the probl�m �s to what significance PI3 plays in 
the 1n1t1&t1on of pneumon1a 10 sheep, since each of the lungs from 
which PI3 was isolated also had mycoplasmas &s end pasteurellae. 
As a preliminary experiment an attempt was made to produce 
pneumonia with one strain of PI3 without mycoplasmas or bacteria. 
Materials and Methods 
Difficulty in obtaining sheep free of antibody limited the 
number of experimental animals available. A ewe, 381, and her 
twin lambs, MA5 and MA6, which were serologically negative for 
PI3 antibody and were aged 3 weeks, were placed in isolation. 
All persons who entered wore protective rubber clothing and surgical 
masks to minimise the chances of transmitting a human strain of Pl3 
to the sheep. 
The ewe was inoculated into the lumen of the trachea th9ough a 19G needle with 2 ml of TC fluid containing approximately 10 TCID,o 
ot CSL6 strain of PI3. The virus was washed down the trachea wtth" 
2 ml of Hanks' BSS. The ewe was kept separate from the lambsfor 
6 hours. Rectal temperatures of theewe and lambs were taken daily. 
Swabs of nasal mucus were also collected daily and cultured in LK 
then observed, tested for haemadsorption as described in the trans­
mission experiment with the cattle strain of PI3. Blood samples 
were collected on days 0, 2, 4, 6, 8, 13, 14 and 1S of the 
experiment from the animals remaining in the experiment at those 
times. Lamb MA6 was killed on day 6, lamb MAS on day 8, and ewe S81 
on day 15. Brain, lung, bronchial mucus, liver, spleen and kidney 
from each animal were cultured for virus, and the lungs for bacteria 
and mycoplasmas. 
Results 
Transmission Experiment: The ewe S81 showed a temperature 
rise and increased respiratory rate between days 2 and 6, the 
appetite was reduced and there was loss of condition. Both lambs 
had temperature rises between day 4 and the day they were killed 
but they did not appear to be ill. PI3 virus was isolated from 
nasal swabs collected from ewe S81, between days 0 and 9, but not 
from tissues collected at autopsy; the virus was Also isolated from 
the nasal swabs collected from lamb MAS on days 7 and 8 and from 
the lungs at autopsy but it was not isolated from nasal swabs or 
lungs of lamb MA6. Neutralising antibody and HI antibody appeared 
in the serum of the ewe on day 6, but none appeared in the lambs 
up to the time they were killed. 
At autopsy the lungs of the ewe had hepatised a:eas i� all lobes 
ranging from 2 mm to 1 em in diameter. No macroscop1c les1ons �ere 
seen in the lungs of either lamb although the lungs of all 3 an>mals 
when examined microscopically showed evidence of pneumon1a. The 
lesions (Figures 9.4 and 9.S) resembled those produced by the cattle 
PI3. No mycoplasmas or significant bacteria were cultured from the 
lungs of the ewe or the lambs. 
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Discussion 
The ewe into which PI3 virus was inoculated responded with a 
temperature rise and mild clinical pneumoni&, but it recovered 
when circulating antibody appeared in its serum. Both in-contact 
lambs had minor temperature rises, but virus was recovered from 
only one of them. Bacteria and mycoplasmas were not present in 
detectable numbers, but if these organisms had invaded the lungs, 
the illness may have been more serious. This preliminary experiment 
indicates that the virus is infectious but the experiment does not 
reproduce a field situation and does not prove that PI3 virus is 
necessarily the main aetiological agent in sheep pneumonia. 
The lambs were in close contact with the ewe so they had 
ample opportunity to become infected. Both lambs developed a 
temperature response and the lungs showed lesions of pneumonia. 
It cannot be established that these lesions were produced by PI) 
as it is possible that the lambswere infected by some other agent 
before they were placed in isolation or the ewe may have transmitted 
an agent other than PI3. However, no other such agent was isolated. 
PI3 was isolated from nasal swabs and lungs of one lamb but 
not from the other. Either the virus in the other lamb was in 
low concentration or else the methods used were not sensitive 
enough to detect it. 
The lesions �n the lungs were histologically similar to those 
seen in wethers infected with a cattle strain of PI3. In nei*her 
experiment were bacteria or mycoplasmas isolated from the lungs 
post mortem. The mildness of the clinical signs may be due to the 
absence of bacteria and mycoplasmas. 
2. 
3. 
Summary 
A ewewhich bad no antibody to Myxovirus parainfluenza type 3 
virus (PI3) was infected with sheep strain of PI3 by injection 
of virus into the lumen of the trachea. The ewe excreted 
virus from the nose from days 0 to 9 and showed a temperature 
rise from days 2 to 6. 
Twin lambs, which were weeks of age, belonging to the ewe, 
were in contact. One of these lambs had PI3 in the nose on days 
7 and 8 and in the lungs at autopsy on day 8. Virus was not 
detected in the nose of the other lamb or at autopsy on day 6. 
The ewe and both lambs had histological evidence of pneumonia 
in the lungs post mortem. 
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10. A FIELD TRIAL TO ASSESS THE ROLE QF MYXOVIRUS PARAINFLUENZA 
TYPE 3 IN PNEUMONIA 
Iptroduction 
The first isolation of a PI3 virus from a sheep on this 
property was made from an 8 month old lamb which died of pneumonia 
on March 22,1967. (Section 5). Five sheep bled at this time 
showed very low titres of SN antibody to this virus and in serum 
samples collected 49 days later these titres rose an average of 
18 fold. However, the clinical pneumonia had been in evidence 
in most of the flock for the previous two months. The isolation 
of virus plus the evidence of a rise in titre pointed to widespread 
PI3 infection in the flock within the previous week or two whereas 
most of the flock had signs of clinical pneumonia for 2 months. 
In anticipation that pneumonia would occur in the following season's 
lambs, a trial was• designed to determine when natural infection 
with Pl3 virus oecurred and whether this infection was related to 
clinical signs of pneumonia. 
Materials and Methods 
A vaccine trial, unrelated to the work on pneumonia, was being 
planned on this farm (CSL), This other trial was to use the progeny 
of a group of maiden Romney Marsh Crossbred ewes mated with Romney 
Marsh rams. The flock was to comprise about 150 ewes plus lambs. 
An additional group of 40 maiden ewes was added to this flock to 
yield about 30 lambs for the pneumoniatrial. All 40 of these ewes 
were positive for SN antibody to PI3 virus. 
Their lambs were identified at birth by means of numbered 
eartags and the number of the mother corresponding to each lamb 
was recorded. Later, the heads of the lambs were marked with red 
branding fluid to distinguish them from the other lambs with which 
they were running; The 33 lambs used for the trial were born between 
Aug 4, 1967 and Sept 12, 1967. 
These lambs were bled for serum samples in 1967 on Sept 19, 
Oct 17, Nov 14, Dec 12, and in 1968, Jan 3, Jan 30, Feb 26, and 
Ma.r 26. At this time the trial was concluded and the lambs were 
incorporated in the main farm flock of weaned lambs. Nine of the 
group were able to be identified on Jul 16 1968 and were bled again. 
Swabs of nasal mucus were also collected from these lambs in July. 
On each occasion when blood samples were collected, 2 lambs 
were killed. Their lungs were examined and pieces of lung were 
collected with sterile instruments for culture for viruses, 
chlamydia, mycoplasmas and bacter�a a�d also into buffered formol 
saline for histopathological exam1nat1on. 
All the serum samples were examined for PI3 antibody and the 
serial bleeds of certain lambs for CF antibody to chlamydia. 
Results 
A summary of the principal findings on the lambs killed at 
approximately monthly intervals is shown in Table 10.1. No viruses 
or Chlamydiae were isolated and there was no serological evidence 
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of chlamydia infection. Microscopic evidence of pneumonia was 
present in one of the first 2 lambs killed at 4 weeks of age. 
The first obvious macroscopic lung lesions were noted in one 
lamb killed in Nov 1967 at 12 weeks of age, though some doubtful 
lesions 1 or 2 mm in diameter had been seen in 1 of the 2 lambs 
killed in October. 
The �acr?scopic l�sions consisted of irregularly shaped areas 
of consol�dat1on, red 1n colour. The only variation in most of the 
subsequent examinations of other lambs was the size andshape, which 
varied from a few mm to 4 to 6 em. The pattern of the lesions was 
not constant and they were distributed through the substance of 
the lung lobes, some of the lesions were not visible from the 
surface, particluarly in the thicker diaphragmatic lobes. In the 
lambs killed in Jul 1968 there was an accumulation of clear mucus 
in the bronchioles and to a lesser extent in the bronchi. This 
feature was not evident in the lambs killed at anearlier age. 
Also 1 of the 2 lambs killed in July had 5 thick walled abscesses 
in the diaphragmatic lobes varying from 1 - 4 em in diameter. 
These contained a thin, liquid, yellow pus. 
The antibody to PI3 shown in Table 10.1 has been classified 
as transferred maternal or actively produced antibody on the basis 
of a. change of antibody status in serial tests. All lambs at 
birth had antibody to PI3 and also one month later, then the 
members of the flock became progressively negative. Between Dec 
1967 and Mar 1968 most of the flock had developed PI3 antibody. 
The percentage of sera with antibody to PI3 from those lambs still 
alive at successive monthly bleedings are as follows:-
Sept 19 1 OO%, Oct 17 1 00;,;, Nov 14 59%, Dec 12 
Jan 3 67%, Jan 31 77%, Feb 26 7�� and Mar 26 
22%, 
73%. 
From the serological evidence, infection of the flock with 
PI3 virus first occurred in Dec 1967. During the visit on Dec 12 
mild single coughs were heard in the flock and this coughing was 
more noticeable in the week following the visit, when the flock 
was under observation by the veterinarian in charge of the station. 
PI3 virus was not isolated from the lungs of any sheep in the 
trial though mycoplasmas and bacteria were isolated as shewn in 
Table 4.2. The first isolation of mycoplasmas and bacteria was 
made from material collected in Dec 1967. 
A summary of the serological results from those animals not 
killed during the trial and of 9 of them on Jul 16 1968 is shown in 
Figure 10.1. 
The lambs in the pneumonia trial flock and the larger flock 
with which they were run grew well for the first 5 months of life. 
In Dec 1967 about 10% of the flock was noticed to have a cough but 
the animals heard coughing did not appear otherwise to be in poorer 
health than the balance of the flock. Coughing was not noticed 
by the writer on his visits of Jan 31, Feb 26, or Har 26 1968. 
General loss of bodily condition did not occur unt1l Har 1967, at 
the end of a dry summer, and then the loss was not severe. 
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FIGURE 10.1 
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Circumstantially, the Pl3 vi
rus produced histopathological 
changes in the lungs which 
appeared to be superimposed for a short 
time on the existing and 
continuing pneumonia. The clini
cal 
pneumonia seen when the 
lambs were 11 months old coul
d have been the 
FIGURE 10.2 H & 
Th�s var1ation of 
in this section. 
walls can be seen 
complete. 
E (x40) 
the degree of atelectasis is shown 
. The oedema of the interal veolar 1n the areas where collapse is not 
FIGURE 10,3 H & E (x40) 
Prol1ferat1on of peribronchial lymphoid tissue is 
sho�vn in the right half of the figure and also the 
exudate in the bronchiole. Oedema of the inter-
alveolar walls can be seen in the other half of the 
figureo 
pneumon1a a� 11 mon�ns ox age. 
Circumstantially, the Pl3 virus produced histopathological 
changes in the lungs which appeared to be superimposed for a short 
time on the existing and continuing pneumonia
. The clinical 
pneumonia seen when the lambs were 11 months 
old could have been the 
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In July most of the main flock of weaners appeared to be 
affected with some degree of mucous discharge from the nose, 
moist multiple coughs and the weaners were in poorer condit1on 
than would haTe been expected on the aTailable pasture. »o 
abnormalities were found e�cept in the thoracic caTity. 
ln the histological sections e�amined from the first 2 lambs 
killed at 4 weeks of age one lamb &ppe�od to haTe normal lungs. The second had �reas of atelectasis lFigure 10,2). The degree 
ot collapse Tar1ed throughout the section in a patchy manner. ln 
areas of Complete collapse there was some infiltration by 
leucocytes and fibroblasts. In some less completely collapsed areas the alTeolii were filled with oedema fluid. There was no 
periTascular oedema of any significance. The areas of collapse 
did not appear to be artifacts and were a feature of each of the 
sections of lung_ collected subsequently. Proliferation of peri­bronchlal lymphold t1ssue &!so occurred. Changes of this nature 
were obserTed in sections of lung throughout the trial. ln the 
lambs killed in December 1967 e�udation into the bronchioles 
was confirmed. These features are illustrated in figure 10.3 
which is a section ot a lung collected 10 months after the one 
illustrated in figure 10.2. 
Discussion 
Thou�h a natural infection with Pl) Tirus occurred in the 
flock, cllnical pneumonia did not occur until much later than 
expected and at a time when the trial flock was not under close 
examination. 
From the first occasion on which l&mbs were killed at 4 
weeks of age there was histologic eTidence of pneumonia. 
�acroscopic lesions were apparent in lambs 12 and 16 weeks and 
older. 
Prom th� serol�gical eTidence 2/3 of the trial flock 
acquired PI3  antiboay between Dec 12 and Jan 3 1968 indicating 
that infectio occurred in these lambs either a week before Dec 
12 or in the subsequent 14 days to account tor the presence ot 
this antibody. Coughing was noticed in this flock between Dec 12 
and 25 which is supporting eTidence that infection occurred about 
this time but otherwise the flock was normal. lf the flock were 
not under special obserTation, no particular attention would haTe 
been paid to the cough.n The mild cough would baTe been attributed 
to infection with lungworm. Lungworm, D tilaii!,vas found in a 
lung ot 1 lamb on one occasion, so that infection with this 
parasite was probably ot minor significance in this flock in the 
period ot the trial. 
Clinical pneumonia was not eTident until appro�imately T 
months after PI3 infection occurred. What has occurred in this 
flock is not clear. There are 3 findings to consider, namely: 
the areas of collapsed &!Teoli detected microscopically trom an 
age ot 1 month, and macroscopically at 2 and 3 months; the 
detection of PI) infection at 4 months; the appear�ce ot cllnlcal 
pneumonia at 11 months ot age. 
Circumstantially, the PI) Tirus produced histopathological 
changes in the lungs which appeared to be superimposed tor a short 
time on the e�isting and continuing pneumonia, The clinical 
pneumonia soon when the lambs were 11 months old could haTe been the 
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result of �nether infection superimposed on the existing pneumonia 
or else the pneumonia could have progressed to a stage where it 
produced clinical effects. 
The numbers of lambs killed on each occasion was too small to 
draw conclusions about the role of bacteria and mycoplasmas. 
Significant bacteria were isolated from only 2 of 16 lungs in the 
trial period and both times were subsequent to the time when PI3 
infection was first detected in the flock. Hycoplasmas were not 
detected in six cases prior to PI3 infection and was found 5 out 
of 8 times subsequent to PI3 infection in the period of the trial, 
and also at the time thatclinical pneumonia occurred in Jul 1968. 
This investigation points up the limitation of, working with 
field outbreaks of pneumonia. The role of each of the organisms 
isolated during the trial is uncertain. In this particular flock 
a natural infection with PI3 virus caused very little effect. The 
trial does illustrate the complex nature of sheeppneumonia in 
Australia and does indicate that' there at least two separate pneumonia 
syndromes and there may even be three. 
1. 
2. 
3. 
4. 
5. 
Summary 
A flock of 33 lambs born to ewes with neutralising antibody 
to Myxovirus parainfluenza type 3 (PI3) was run with a flock 
of approximately 150 other lambs, 
At birth 100% of the 33 lambs had maternal antibody, Four 
months later this percentage had fallen to 22% about which 
time a natural infection with PI3 virus occurred in the flock 
aB judged by subsequent appearance in the sera of PI3 serum 
neutralising antibody. 
Microscopic evidence o·f pneumonia was obtained in lambs 4, 
7, 12 weeks of age, 1 - 3 months before PI3 virus infection 
occurred in the flock. 
Clinical pneumonia was observed in the flock when the lambs 
were 11 months of age, 7 months after 2/3 of the flock had 
encountered PI3 infection. 
No aetiological agent was incriminated as the cause of either 
the asymptomatic pneumonia of lambs 1 month old or the clinical 
pneumonia at 11 months of age. 
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11. GENERAL DISCUSSION 
The va,rious pneumonia.s of sheep which have been reported in 
the world's literature and the agents, infectious or otherwis�, 
tbat_have been associated with them, are shown in Table 11.1. 
The 
particular agents reported from Australia or found in this invest­
igation are
_marked by an asterisk on the table. The majority of the categor�es of pneumonia shown in this table have been found in 
Australia with certain im�ortant exceptions, namely the progressive 
adenomatoses and tularaem1a, which latter condition is restricted 
to limited areas of North America. 
A large section of the literature review was devoted to the 
progressive adenomatoses of sheep. These have been reported from 
virtually every important sheep raising country of the world except 
Australia and New Zealand. The adenomatoses have an infectious 
cause and have a long 'incubation period' before clinical signs are 
�pparert . The duration of the voyage from Europe or America, and 
the brief quarantine period for imported sheep in the years before 
a ban was placed on the import of sheep cannot account for their 
absence from Australia as the prepatent pPriod can be more than a, 
year, yet the diseases have not been reported in Australia. This is 
in spite of their having a fairly characteristic clinical appearance 
and pathology which should have brought them to notice if they were 
here. 
In the present investigation no evidence, clinical or pathological 
has been obtained of adenomatoses in sheep in Australia. The 
cultural methods used in the search for a virus would not have 
detected maedi virus as Thormar (196S) found that tissue cultures 
prepared from the choroid plexis of sheep were necessary for this. 
The next matters to be considered are the successes and 
failures of the search in Australia for the microorganisms which 
have been connected with 'Enzootic Pneumonia' in other parts of the 
world (Table 11.1). The search for a chlamydia in pneumonic lung 
in the earlier part of this investigation was unsuccessful. In the 
latter part of the investigation the isolation of chlamydiae 
organisms was attempted only sporadically, in order to concentrate 
efforts on the investigation of the role of PI3 virus in pneumonia. 
In particular, no attempt was made to isolate a chlamydia from the 
lungs of the individual sheep from which the strains of PI3 were 
isolated. Hare et al (1968) found a chlamydia in the lungs of 2 
lambs which were-concurrently experiencing a PI3 infection so it is 
possible that this also occurred here. No chlamydia CF antibody was 
found, in a limited search, even in those sheep from which a faecal 
strain of chlamydia was isolated. 
It has been well demonstrated by D ungworth and Cordy (1962a) 
that a chlamydia isolated from a sheep's lungs can be used to re­
produce pneumonia experimentally. They also produced a similar 
pneumonia with a faecal strain (Dungworth and Cordy, 1962b). This 
latter experiment could have been attempted here with 1 or more of the 
4 faecal strains of chlamydiae isolated during this investigation but 
time and circumstances did not allow it. The gross lesions illustrated 
by Dungworth and Cordy in �oth pare:s resemble some of those seen in 
pneumonic sheep in Austral�a but th1s may be because lungs have a 
limited number of ways of responding to a variety of infectious 
agents. 
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The following organisms have been isolated in this study: 
PI3, bacteria and mycoplasmas. In 5 instances all 3 types of 
microo�ganisms have been found in the same lung. Some of the 
bacter1a were further identified as P.multocida and a pasteurella 
resembling P.haemolytica. PI3, P.haemolytica and mycoplasmas were 
found together by Hore et al (1968). The isolation of mvcoplasmas 
and P.haemolytice, from sheep lungs has not been reported" in Australia 
and will be done so by my colleague Mr. Cottew M.Sc. in due course. 
There are thus a minimum of 3 distinct types of microorganisms in­
volved in pneumonia but.. probably only one of them is the initiating 
agent and control of pneumonia in which all 3 are involved would be 
achieved by rendering themeep immune to the effects of the one. 
As shoMn in the literature review, both P.multocida and 
P.haemolytica have been found in the respiratory tracts of normal 
sheep so these bacteria may well be secondary invaders of damaged 
lung tissue. The evidence from the field trials is insufficient to 
say whether or not mycoplasmas and gram negative bacteria are 
secondary invaders after PI3 infection. 
Vaccines made from P.multocida have been used to cont rol 
pneumonia (Dungal, 1931; Miessner and K6ser, 1931; Dolder and 
Leuenberger, 1948; Woxholtt et al, 1952; Stevens, 1957; Pyke, 1966), 
but the value of pasteurella vaccines for this purpose is uncertain. 
It may be significant that the Commonwealth Serum Laboratories 
commercial vaccine has been withdrawn from sale and probably 
indicates that vaccination against pasteurellae as a means of 
controlling the effects of pneumonia in Australia is considered by 
them to be of doubtful value. 
The next microorganism to consider is the mycoplasma. In 
spite of the reports by Pergreffi et al ( 1957) ,, Farzaliyev et al 
(1962) and Colusi et al (1964) that they have produced pneumonia 
by experimental inoculation of mycoplasmas, these organisms are more 
commonly regarded as not being the primary agent of natural pneumonias. 
They have been found to be associated with chlamydia pneumonias by 
Dungworth and Cordy (1962a), Hamdy and Pounden (1959), and Hamdy et 
al, (1959), It is unknown as yet whether the mycoplasmas found in 
the lungs and the nasal swabs from sheep in Victoria are similar 
to those found elsewhere in the world. Until their identity is 
eBtablished and they are demmnstrated to be capable of initiating 
pneumonia, their role is unknown. 
The greatest attention in this study has been paid to the 
virus, PI3. The information that has been elicited about its role 
and possible control is now considered. PI3 infection in sheep is 
probably an acute infection which has a course of approximately 7 
days, after which time antibody to PI3 appears with the result that 
the virus is cleared from the lungs, though it may remain elsewhere 
in the respiratory tract in carrier animals in a site less accessible 
to antibody. It has been established that PI3 infection occurred 
in many of the pneumonic flocks investigated._ Al
l the flocks with 
pneumonia from which serum samples were obta1ned were pos1t1ve for 
PI3 antib�dy. The 2 flocks where acute outbreaks only were described 
and each of the 5 flocks in which pneumonia was investigated more 
extensively had PI3 antibody. There was on: instan?e �here. 
a. rise 
in the PI3 antibody titre WRS demonstrated 1n assoc1at1on w1th a 
concurrent clinical pneumonia. This serological evidence is not 
proof that PI3 is an important factor in pneumonia in Australia 
though PI3 is a known cause of pneumonia in U.K. The finding of 
PI) antibody in flocks with a history of pneumonia must be considered 
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in relation to the incidence in the general sheep population. 
The Australia wide serological survey indicated that antibody 
to PIJ virus is widespread throughout the country with a high 
average incidence (76%) with at least 87% of flocks having antibody. 
This means that the number of sheep that have experienced PIJ 
infection is of the order of 100 million (108), which is a vast 
number of animals to be infected with this agent. However, 
pneumonia outbreaks have not attracted a grett deal of attention 
and this must mean that in most instances an uncomplicated infection 
with PI3 is not in itself sufficient to produce a clinical pneumonia. 
A mild pneumonia was produced experimentally in sheep with one 
cattle and one sheep strain of PI3. The mildness of the pneumonia 
may have been due to the absence of other microorgani:sms which were 
found in the naturally occurring pneumonia, i.e. pasteurellae and 
mycoplasmas or else the rather sheltered conditions in which the 
sPeep were kept may have influenced the clinical signs. One of 
the experiments does suggest that interspecies infection between 
cattle and sheep is possible but much more would need to be known 
about the antigenic spectrum of PI3 from various species before 
natural interspecies infection could be confirmed. 
The study of passive PIJ antibody in lambs showed that the 
duration of maternal protection is proportional to the antibody level 
in the ewes. The indication from the 2 farms where serial samples 
showed first the presence of maternal antibody in lambs followed by 
the absence of antibody in these lambs and the subsequent appearance 
of active antibody, was that the lambs lose maternal antibody from 
approximately 3 months of age. The ages of the sheep from which PIJ 
virus was isolated ranged from 5 to 8 months. The national survey 
was conducted on sheep over 6 months of age and the majority (58%) 
of these sheep had experienced active infection by 12 months of age. 
The implications from these findings are that PI3 infection 
is of little or no significance in fat lambs sold for slaughter off 
their mothers; it may be of significance where lambs are of a late 
maturing type or are retained for fattening or wool production; in 
studs it may be a contributing factor to the pneumonia seen in the 
first year of life. Infection is progressively less significant 
as the animal grows older. 
As demonstrated in flocks from 2 farms (section 7) vaccination 
of lambs with a live PIJ vaccine would be complicated by the highly 
variable duration of maternal antibody. The serological survey has 
shown antibody to be widespread in Australian flocks, therefore most 
lambs should receive maternal PIJ antibody. If a killed vaccine 
were used there would be no necessity to consider the level of 
maternal antibody in a lamb and the vaccination could be done before 
the flock is at risk on a farm where pneumonia is a recurrent problem. 
The severity of the pneumonia pr�blem may thus be reduced in flocks 
on farms with a recurrent pneumon�a problem 1f lambs were vaccinated 
before weaning with a killed PI3 vaccine. This v�cc�n�tion might not resolve the pneumonia complex but may allow the s�gn�f1cance of 
factors other than PIJ infection to be assessed. 
The field work on a small number of farms in Victoria reported 
here, plus personal communic�tions fro� vete:inarians in Vic�oria, has confirmed the writer's f1eld exper1ence 1n South Austral1a that 
there is a pneumonia problem of economic importance in the sheep 
industry. Because of the investigation reported in this the•is, 
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more attention has been paid in Victoria to pneumonia of sheep by 
veterinarians in private practice and by government veterinary 
officers and this has resulted in more specimens being submitted for 
diagnosis. This accounts, in part, for an apparent increase in the 
incidence of pneumonia in Victoria since the investigation began. 
The economic effect of pneumonia is felt in two forms, the first 
being a small mortality which attracts specific attention and the 
second a loss of condition and slow growth rate which is often 
attributed to intestinal parasites, lung worm or fault of diet or 
management. The supposition that sheep p neumonia is a single 
infectious disease cannot account for apparent contradictions in 
the field situation. These apparent contradictions become explicable 
if an assumption is made that a complex exists rather than there 
is one initiating aetiological agent plus associated secondary 
infections. 
The hypothesis is advanced here that sheep pneumonia in Australia 
is a. complex of which only part of the aetiology is known. There 
is the known infection of lambs with D.filaria. The importance of 
D.filaria may be declining as these lung parasites are affected by 
some of the pr,esently popular anthelmintics given to sheep for 
intestinal parasites. In older sheep infection with M.capillarus 
occurs but this parasite is not a factor in the pneumonia of younger 
sheep, which seems to be the group most affected by pneumonia, 
because of the requirement of M.capillarus for an intermediate host 
in its life cycle. Infection with this parasite is uncommon under 1 
year of age. 
There are probably two major forms of infectious pneumonia in 
sheep in Australia. The first form is a chronic pneumonia of unknown 
aetiology which may begin within weeks of birth. It could be caused 
by a �low' virus but for the fact that . most sheep recover. It may 
be caused by chlamydia as suggested by Tunnicliff (1960) in an attempt 
to explain the inapparent pneumonia found in young lambs in the U.S.A. 
The investigation here could not exclude the possibility that chlamyd� 
played a part. It could be caused by a mycoplasma in a similar 
fashion to the enzootic pneumonia of swine (Goodwin and Whittlestone, 
1967) but mycoplasmas were not isolated from many of the pneumonic 
lungs. McGowan et al (1957) suggested that the appearance of the 
lungs in many feeder lambs in California resemble those of pigs with 
pneumonia. However, some strains of pig mycoplasmas which cause 
pneumonia have special growth requirements (Cottew, personal 
communication). 
The second form is an acute pneumonia, operating independently, 
whose initiating cause is PI3 and which occurs principally in lambs 
between weaning and 1 year of age. The microorganisms associated 
with the PI3 are gram negative bacteria and mycoplasmas. The acute 
pneumonia may be superimposed on the slower developing pneumonia 
and the effects may be cumulative. There may well be other virus 
infections as primary causes of acute pneumonia besides PI3. 
The limitations inherent in using sheep of unknown status in 
field and laboratory experiments has become apparent as it was 
difficult to ensure that only one factor is dealt with at a time. 
Specific pathogen free sheep are needed for further investigations 
and would enable the hypothesis of a pneumonia complex to be tested. 
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The supporting evidence for the hypothesis comes from various 
facets of the investigation. First there are the field histories. 
In the field, pneumonia can take various forms; pneumonia can be 
clinically inapparent and only detected post mortem; pneumonia can 
occur in an acute outbreak with a number of mortalities in a restrict­
ed period, perhaps following a normal farm operation such as yarding 
for drenching or dipping; pneumonia can show as a loss of condition, 
with a moist multiple cough, nasal discharge and sporadic deaths, 
and this last form can persist for several months before recovery 
occurs. 
The response of sheep to treatment, in the histories presented 
here and from personal communication with veterinarians, may be 
slight and transient, or spectacular. The only drug which is uSed 
with success is sodium sulphadiazine. Of the microorganisms which 
have been found associated with pneumonia, both the mycoplasmas and 
PI3 are insensitive to this drug so the most likely targets forthe 
drug are the gram negative bacteria. Sodium sulphamezathine seems 
to be effective only in some outbreaks." In this study the acute 
and chronic forms of pneumonia in sheep had similar incidences of 
gram negative bacteria but the efficacy of sodium sulphamezathine 
may be influenced by the extent of chronic changes in the lungs. 
On 3 farms, pneumonia was found by post mortem examination of 
lambs months before clinical signs were apparent in the sheep on 
these properties. On 1 of these farms infection with PI3 was 
detected by serological methods without obvious concurrent clinical 
signs, yet pneumonia had been found months earlier by post mortem 
examination. On the farm on which the field trial was carried out, 
PI3 infection of a weaner flock occurred in the first season, 
subsequently to the appearance of a clinical pneumonia. In the 
second season, pneumonia was detected post mortem in lambs up to 3 
months before the flock experienced PI) infection with mild clinical 
signs, and this episode in turn waS 6 months before a severe clinical 
pneumonia unrelated to PI3 infection was observed. 
The various other microorganisms that have been reported as 
being associated with natural pneumonias in Australia, namely£. 
�' C.egui (Roberts, 1957) and Klebsiella (Hindmarsh et al, 
1931) may be opportunists which invade damaged lung tissue. Both 
reports predate suitable methods for virus and mycoplasma isolation. 
In a sufficient dose, under e�perimental conditions, such bacteria 
may infect lungs and cause death of the animal. The position with 
C. seudotuberculosis is not clear because it commonly causes a 
systemic infection caseous lymphadenitis) though it is possible 
that establishment of this organism in the lungs may be favoured by 
damage to tissue by helminths or micro�organisms. 
Infectious agents are not the only factors affecting the 
appearance of pneumonia and their clinical effects in sheep depends 
in part on the environment. The lungs of the sheep have a double 
physiological function. They exchange oxygen and also are the 
principal means of heat loss by evaporation of water. Damage to the 
lung tissue reduces the efficiency with which the lungs perform both 
these functions. In a heat wave, the atmospheric zone that the sheep 
lives in within 3 feet of the ground, will be above body temperature 
so that heat must be lost through the lungs for the animal to survive. 
The sheep has mechanisms to compensate for loss of vital capacity 
but these have limits. If pneumonic sheep are driven, yarded or 
dipped, then an increased load is placed on either or both functions 
of the lungs so that the sheep could die of anoxia or heat stroke 
or by the toxaemia associated with an infection. 
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Pneumonia as seen in the field situation may be the sum of 
a number of variables affecting the sheep namely damage to the 
lungs by lung worms; PI3 infection plus secondary infections; the 
chronic form of pneumonia of undetermined aetiology; and the 
increased demand on the lungs induced by physical exertion; excitemen� 
and atmospheric conditions. 
At times, the pneumonias which are diagnosed as 'dipping 
pneumonia' and ·'drenching pneumonia' may be the product of a 
coincident infectious pneumonia exacerbated by these farm operations. 
In future occurrences of 'dipping' or 'drenching' pneumonia, the 
possibility that an infectious pneumonia plays a part should be 
explored. 
One name used for the pneumonia of weaner lambs is 'summer 
pneumoniat. This term, which has been used in U.S.A. (Tunnicliff, 
1960) and in Australia (E.L. French, personal communication), is 
not precise enoueh as it infers that summer is the only season when 
pneumonia occurs. This may well be true for Victoria and Tasmania, 
but it may not be so in areas where lambing occurs in less 
restricted periods. If the term 'enzootic pneumonia' is to be 
retained as a label for pneumonias of unknown aetiology it may be 
more usefully applied to the chronic form of pneumonia. The nomen­
clature of the infectious pneumonias cannot be satisfactorily resolved 
until the causes are better understood. 
Much more could have been done on transmission trialS in the 
course of the investigation. For instance, infection of sheep with 
PI3 could have been combined with infection with mycoplasmas, E· 
multocida or the organism resembling P�haemolytica. Infection of 
lungs with a faecal chlamydia agent could have been carried out 
alone or in combination with PI3, my9oplasma or bacteria. The results 
of such trials may have had to be treated with reservations as no 
source of specific pathogen free sheep was available. 
This investigation was commenced in order to discover the 
aetiology of infectious pneumonia of sheep. Considering that the 
investigation was initiated by the virology section of CSIRO 
Parkville, it might have been presumed that a virus was the 
aetiological agent. A virus, namely PI3, was duly found, but by the 
use of this virus as a research tool it was found that infection 
with this agent cannot be the single simple cause of sheep pneumonia 
in Australia. Thus the object of the search was achieved but the 
central problem of sheep pneumonia remains largely unsolved. 
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1 2. GENERAL SUMMARY 
1. No evidence of the occurrence in Australia of the sheep 
progressive adenomatoses was found. The common forms of 
pneumonia were similar to those described overseas as 
"Enzootic Pneumonia". 
2. Pneumonia of sheep was found to be widespread in Victoria, 
the principal area in whicllthe investigation was conducted. 
Pneumonia caused economic loss on the farms on which detailed 
investigations were made. 
3. The data and observations obtained from material passing 
through one diagnostic centre was combined with that obtained 
from initial visits to farms with outbreaks of pneumonia. 
Pneumonia was found in sheep whose ages ranged from 2 weeks 
to 8 years of age but 75% of 77 sheep examined were under 
1 year of age. A variety of breeds were represented 
Merinos, British Breeds and their crosses. Pneumonia was 
found in sheep in all seasons but the highest morbidity was 
found in weaned lambs between midsumrr.er and autumn. :t-1ortali ty 
was generally low and of the order of 3-8%. 
4. The microorganisms most commonly isolated from pneumonic 
lungs were bacteria and mycoplasmas. Bacteria were isolated 
from 29 of 59 lungs (49%). The bacteria isolated from 21 
of the 29 positive lungs were gram negative; some of the 
bacteria were further identified AS Pasteurella multocida 
and as a pasteurella resembling P.haemolytica. Other bacteria 
found were Corynebacteria sp and Neisseria sp. In addition 
37 strains of mycoplasmas were isolated from 66 lungs (56%). 
Mycoplasmas were also isolated from nasal swabs. The 
mycoplasmas have not yet been further identified. 
5. No serological or cultural evidence was found of the involvement 
of chlamydiae in the aetiology of the pneumonia. However, 
4 strains of chlamydiae were isol�ted from faeces, 3 from 
sheep with pneumonia and 1 from a normal sheep. This if the 
first report of this organism being found in sheep faeces 
in Australia. 
6. Five strains of Myxovirus parainfluenza type 3 (PI3) were 
isolated from sheep originating from 3 flocks in Victoria. 
This is the first report of this virus being isolated from 
the lungs of sheep in Australia. One str?in of sheep PI3 
was compared sPrologically with 2 cattle and 1 human strain 
and found to have a closer relationship one way than the other. 
7. An Australia-wide serological survey of sheep over 6 months of 
age showed that 76% of 832 sheep were positive for PI3 antibody. 
At least 87% of 416 flocks were positive. The incidence of 
antibody increased from 58% of sheep 6-12 months old to 83% 
of sheep more
_
than 3t years of �¥e• The incidence of antibody 
was greatest 1n Corr1edales (8�•1, Crossbreds (81%), aPd 
Polwarths (79:G) and lower in Herinos (75%) and British Breeds 
(69%). The incidence in ewes was 81%, wethers 72%, rams 69!;. 
On a regional basis the incidence of antibody was lowest in 
the north of Australia and increased progressively to the 
south and also the incidence increased slightly from low to 
high rainfall areas� 
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8. The transfer and decay of maternal PI3 antibody vas studied 
in one flock. Regression equations were produced to describe 
the relationship of maternal level of serum neutralising 
and haemagglutination inhibiting antibodies to PI3 to the level 
of antibody transferred to the lamb in the colostrum and the 
rate of disappearance of the corresponding antibodies in the 
serum of the lamb. 
9. An unseccessful attempt vas made to transmit pneumonia by 
placing healthy sheep in contact with pneumonic sheep and 
also by the intratracheal inoculation of pneumonic lung. 
A mild pneumonia was produced in sheep by the intratracheal 
inoculation of either cattle or sheep strains of PI3. 
10. A hypothesis is advanced that infectious pneumonia in 
Australia is a complex with at least 2 independently 
operating principal forms. The first form is a chronic 
pneumonia which may commence in the first weeks of life 
and is progressive for most of the first year of life 
but then resolves. The second is an acute pneumonia of 
which PI3 is an initiating cause and mycoplasmas and bacteria as 
secondary infections. The effects of the 2 forms of pneumonia 
may be cumulative. 
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A STRATIFIED SAMPLING PLAN FOR AN ECONOMICAL SEROLOGICAL 
SURVEY OF CATTLE, SHEEP AND PIGS IN AUSTRALIA 
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Introduction 
Many serological surveys have been carried out to determine 
the incidence of antibody to viruses, protozoa or bacteria. It 
is often quite difficult to decide how accurately the results of 
such surveys indicate the incidence of the diseases in question. 
A true random sample is very difficult to obtain and many 
surveys are biassed by the method of selection employed to obtain 
the samples of the population - e.g. serum samples passing through 
a diagnostic centre are used and these are, of necessity, a 
selected sample of the population. 
Before a survey is commenced there is a need to assess the 
available resources, the accuracy attainable and the information 
that can be usefully extracted from the survey. The survey will 
thus have limits as well as an aim but, in any case, it must be 
well planned before being commenced. 
Robson and Baker (1957) produced a simple economical plan 
for a nationwide serological survey of pigs and cattle in the 
U.S.A. A survey based on this plan was carried out in New York 
State to estimate the incidence of antibody to Infectious Bovine 
Rhinotracheitis virus, Mucosal Disease virus, Myxovirus para­
influenza type 3 and Leptospira pomona. The results obtained 
gave an estimate of the incidence of these diseases in New York 
State with a maximum error of 4% at 95% confidence limits. The 
essence of the plan was to take a large number of minimal sized 
samples collected from the counties of the states to be sampled 
in proportion to the particular animal population. Robson, in 
personal communication (1965), stated that the only satisfactory 
way to determine the within herd incidence is to test all the 
animals in the herds. Since this objective is impossible, a 
more useful approach is to take small samples over a wide area 
and to estimate the average within herd incidence. He recommends 
2 animals from each herd. 
Materials and Methods 
Livestock Statistics: 
Livestock statistics for cattle, sheep and pig populations 
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were collected for the year ending Mar 31 1963. The state 
populations were obtained from the Statistical Bulletin No. 21, 
"Livestock Numbers", ot the Bureau of Census and Statistics. 
Detailed information by statistical divisions within the 
states was obtained from the various state statistical registers; 
the annual report of the Animal Industry Division, Northern 
Territory; the office of the Deputy Commonwealth Statistician, 
Victoria; and by enquiry of the Deputy Commonwealth Statistician 
for Queensland. The population of the Northern Territory is as 
at Jun 30 1963 because of the different method used by the Animal 
Industry Bureau of the Northern Territory for determining live­
stock figures. 
Sampling Plan: 
Survey sizes of 1,000, 2,000 and 4,000 were selected as 
representing feasible sizes for consideration. The sample 
size per herd was 2 following the recommendations of Robson 
(personal communication) and of Kahrs et al (1964). 
For each species, the sample size was divided in proportion 
to the state population of that species. The resulting figure 
was rounded off to the nearest even number. The Australian 
Commonwealth Territory was incorporated into the Southern 
Tablelands Division of New South Vales because it is geographically 
a part of N.S.V. The adjusted figure was the number of animals 
to be sampled in each state. The state quota was then divided 
proportionately according to the number of that species in each 
statistical division. The resulting figures were rounded off to 
an even number. Where the number of the particular livestock in 
a division was very small, the division was neglected or its 
population was incorporated with the population of the geographically 
adjacent division. The quota for cattle was finally separated into 
dairy and beef to specify the cattle sample more closely. 
Estimate of Maximum Possible Error 
Maximum possible error was estimated from the formula 
SD ff 
where SD standard deviation 
p probability of a positive result 
q 1-p 
n sample size 
At 5� incidence of a positive result 
p q 
Maximum possible error at 95� confidence limits is 2 SD 
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i.e. 2SD 
� 
The maximum sampling error at 95% probability level calculated 
by this means for various total sample sizes is given in Table 1. 
Table 2 gives the state quotas for each total sample of 
each species and the maximum error at 95% probability. 
The detailed sampling plans for cattle, sheep and pigs by 
statistical divisions by number of animals and number of herds 
is g�ven in Tables 3 4 and 5, for total sample sizes of 500 
herds (1,000 animalsl , 1,000 herds (2,000 animals) and 2,000 
herds (4,000 animals) for each species. 
Discussion 
The type of survey that has been pursued for antibody to 
mucosal disease (MD) virus and infectious bovine rbinotracheitis 
(IBR) virus (later published by St. George� 1967) is termed 
by Hansell et al (1953) as "haphazard". This survey gave the 
distribution of antibody to IBR and MD virus in Australia, but 
it gives no estimate of how close a representation this is of the 
true position. This survey has shown that future surveys for 
virus diseases must be natio�wide; there are no regions free 
of virus diseases. The IBR and MD surveys have involved the 
testing of 5,398 and 5,126 serum samples over 4 years. The 
sample sizes drawn from herds varied from 1 to 274. 
If a standard herd sample is decided on, no single herd 
can have an undue influence as it did in these IBR and MD 
surveys. If the samples are drawn according to the proportion 
ot animals in an area, no area can unduly influence the sample. 
Thus Norfolk Island with 0.00196% of the cattle population of 
Australia made up about 5% of the total sample in the IBR and 
MD surveys. 
Table 1 shows the rate that error decreases with increase 
in sample size. For practical purposes a sample size limit ot 
4p00 with maximum error of 1.5% gives a satisfactory estimate. 
The error involved is relatively small at this level and de­
creases very slowly with larger samples. 
The estimate of error is based on the worst possible case, 
i.e. a 5� incidence of antibody. If the incidence is higher 
or lower than this, the error of the estimate must decrease as 
the incidence tends to 0 or 100%. At 50% incidence the binomial 
distribution represents the behaviour of the population. Thus 
the standard deviation of each estimate can be calculated. The 
limits of error at 95% or other confidence limits have been 
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derived from the worst possible case. 
In Table 2 the estimate of error is given for each state. 
Por half the states the error is quite large at 1,000. At a 
sa�ple size of 2,000 for the majority of states the error is 
much less and at 4,000, the estimates of error have reached a 
stage beyond which accuracy will only slowly improve with greatly 
increased saMple size. The factors which favour the collection 
ot a smaller sample size are the uneven distribution of livestock 
between states on the one hand and the facilities for storage and 
testing of serum on the other. Thus the burden of collection of 
cattle samples would fall on Queensland and for sheep on New 
South Wales. If all samples could be tested at one time, laboratory 
error would be reduced. The testing of 2,000 samples would be the 
most that could be handled in this way as a special effort and 
1,000 would be within normal resources at the CSIRO Animal Health 
Research Laboratory, Parkville. 
The recommended plan is that a total sample size of 1,000 
sera of each species be collected. The initial collection should 
be from cattle, then from sheep. The collection of samples from 
pigs might be left in abeyance for 3-4 years because of the recent 
collection tor the Parkville laboratory. These collection plans 
are shown in summary in Table 6. 
It is envisaged that our present collection made from 
Jan 1 1965 be utilized as far as practicable. As it is estimated 
that the completion of the collection would take a year from 
commencement, we would have a sample spanning the period 1965, 
1966 and part of 1967. The data sought with samples would be 
minimal, and limited to the property of origin, location of the 
property; the age, sex and breed of the animals. A future 
collection in 5 or 10 years time carried out on a similar basis 
would allow a comparison of incidence. The animals sampled should 
be over 6 months of age so that maternal antibody would not 
complicate the picture. 
The limitations of the scheme are now considered. The 
sampling can be specified within certain limits on present 
knowledge but a certain discretion is left to the individual 
field officer. Within the statistical division there will be 
bias by the collector but since the number of herds or flocks 
is small, the individual's bias bas a limited effect on the 
total sample. It some of the sampling is done at meatworks, 
oteers and older animals will be over represented. 
The plan is based on the 1962-63 livestock census. The 
population distribution will have changed somewhat since then, 
but major permanent changes do not occur quickly. The details 
ot the 1962-63 census was the latest figure available at the 
time of compilation. This census was before the major drought 
in many areas. The accuracy of the census is limited by the 
way tho figures are derived from the owners' livestock returns 
and thus are subject to an error from this source. The census 
does give the general proportion of the populations and their 
diotribution through tho statistical districts. 
It cannot be expected that the collection would be completed 
exactly to the design laid down because of non-response in some 
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areas or because of loss in transit of samples or for other 
re�sons. So long as the bulk of the samples was collected 
according to the design, the missing samples could be allowed 
:tor. 
The volume of serum requested should be 10 ml. This will 
allow several surveys to be carried out on the same collection. 
A serum collection of limited size will be easi•r to store and 
the results easier to analyse than a much larger sample hap­
hazardly collected. 
This type of survey will have little value as an estimate 
of the proportion of herds infected by an agent or the proportion 
of animals affected in an individual herd. It will give, however, 
an estimate of infection for the national herd or the state herd. 
Because of the large number of sampling points involved, for all 
diseases except those of very low incidence, a good picture of 
the distribution should be obtained. 
TABLE 
Number of animals Maximum possible error 
in Sample at 95% confidence limits 
1,000 3.2 
2,000 2.3 
4,000 1.5 
5,000 1.4 
6,000 1.3 
7,000 1. 2 
a,ooo 1.1 
9.000 1.1 
10,000 1.0 
14,000 0.9 
16,000 0.8 
20,000 0.6 
State 
. s . v . 
IC. 
LD. 
.A. 
.A. 
AS. 
.T. 
State 
.s.w. 
c. 
D. 
.A. 
.A . 
s. 
.T. 
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TABLE 2 
Samples of sizes of 1,000, 2,000, 4,000 divided by states with 
an estimate of error. 
Cattle - Australia 
Sample Max. : Sample Ma.x. : Sample Max. + error error error -
1,000 at 95% 2,000 at 95% 4,000 at 95% 
Cows Conf. Cows Conf. Cows Conf. limits 
234 6 466 5 932 3 
176 7 354 5 708 4 
396 5 794 4 1588 2.5 
38 16 74 12 150 8 
72 12 142 9 284 6 
24 22 50 14 98 5 
60 13 120 9 240 4 
1000 3.2 2000 2.3 4000 1.5 
Sheep - Australia 
Sample Max. + Sample Max. + Sample Max. error :t error - error -
1,000 at 95% 2,000 at 95% 4,000 at 95% 
Sheep Conf. limits Sheep Cont. limits Sheep Conf. limits 
444 5 886 3 1772 2 
172 7 346 5 692 4 
144 8 288 6 576 4 
100 10 198 7 398 5 
ll8 9 236 7 472 5 
22 22 46 15 90 10 
- - - - - -
1000 3.2 2000 2.3 4000 1.6 
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TABLE 2 (cont.) 
Pigs - Australia 
State Sample Max. error _ Sample Max.error± Sample !Max. error± 
1,000 at 95% 2,000 at 95% 4,000 at 95% 
Pigs l:;onf. limits Pigs Conf.limits IPigs Conf. limits, 
.S.il. 272 6 544 4 1090 3 
IC. 208 7 414 5 826 3 
LD. 280 6 560 4 1120 3 
. A . 100 10 202 7 402 5 
,A. 92 10 182 7 364 5 
AS. 48 14 92 10 194 7 
.T. - - - - 4 50 
1000 3.2 2000 2,3 4000 1.5 
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TABLE 3 
Sampling plan for cattle by statistical divisions 
SAMPLE PLANS - CATTLE 
NEW SOUTH WALES ( A.C.T. ) 
Division 1,000 500 2,000 1,000 4,000 2,000 
Cows Herds Cows Herds Cows Herds 
New South Wales 
1. North Coast 44 22 90 45 178 89 
2. Hunter & Manning 36 18 72 36 144 72 
3. Metropolitan 2 1 4 2 8 4 
4. South Coast 16 8 30 15 60 30 
4. Northern Tableland 20 10 40 20 80 40 
6. Central Tableland 16 8 32 16 66 33 
7. Southern Tableland 10 5 22 11 42 21 
8. North Western Slope 20 10 40 20 82 41 
9. Central Western Slope 8 4 16 8 30 15 
10. South Western Slope 20 10 40 20 80 40 
11. North Central Plain 14 7 26 13 52 26 
12. Central Plain 10 5 20 10 40 20 
13. Riverina 12 6 22 11 44 22 
ru1!!:!!. 
14. East of Darling 2 1 4 2 10 5 
15. West of Darling 4 2 8 4 16 8 
234 117 466 233 932 466 
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SAMPLE PLANS - CATTLE 
Victoria & Queensland 
Division 1,000 500 2,000 1,000 4,000 2,000 
Cows Herds Cows Herds Cows Herds 
!victoria 
16. Central 26 13 54 27 108 54 
17. North Centra.! 6 3 12 6 26 13 
18. Western 46 23 92 46 182 91 
19. Wimmer a. 4 2 8 4 16 8 
20. Mallee 2 1 4 2 10 5 
21. Northern 28 14 56 28 ll4 57 
22. North Eastern 24 12 48 24 94 47 
23. Gippsland 40 20 80 40 158 79 
176 88 354 177 708 354 
IUueensle.nd 
24. Moreton 32 16 64 32 128 64 
25. Maryborough 42 21 84 42 170 85 
26. Downs 42 21 84 42 168 84 
27. Rom a 22 ll 44 22 88 44 
p8. South Western 14 7 28 14 54 27 
29. Rockhampton 70 35 140 70 280 140 
30. Central Western 40 20 80 40 162 81 
31. Far Western 16 8 32 16 64 32 
32. Mackay 8 4 18 9 36 18 
33. Townsville 30 15 58 29 ll8 59 
34. Cairns 12 6 26 13 50 25 
p5. Peninsular 6 3 12 6 22 11 
36. North Western 62 31 124 62 248 124 
396 198 794 397 1, 588 794 
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TABLE 3 
CATTLE 
SOUTH & WESTERN AUSTRALIA 
Division 1,000 500 2,000 1,000 4,000 2,000 
Cows Herds Cows Herds Cows Herds 
South Australia 
37· Central Division 12 6 22 11 46 23 38. Lower North 2 1 4 2 8 4 
39. Upper North 0 0 2 1 4 2 
j.!o . South Ea.stern 14 7 30 15 60 30 �1. Western 2 1 2 1 4 2 
j42. Murray Mallee 2 1 4 2 8 4 
�3. Outside Counties 6 3 10 5 20 10 
38 19 74 37 150 75 
��stern Australia 
�4. Metropolitan ) 45. Swan ) 2 1 4 2 10 5 ) j46. South West 18 9 38 19 76 38 
147. Southern Agricultural 6 3 12 6 24 12 
�8. Central Agricultural 4 2 6 3 12 6 
j49. Northern Agricultural 4 2 6 3 12 6 
�o. Eastern Goldfields 2 1 4 2 6 3 51. Central 2 1 4 2 6 3 
52. North West 0 0 2 1 4 2 
53. Pilbara 2 1 2 1 6 3 
54. Kimberley 32 16 64 32 128 64 
72 36 142 71 284 142 
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TABLE 3 
Tasmania & Northern Territory 
Division 1 ,ooo 500 2,000 1 ,ooo 4,000 2,000 
cows herds cows herds cows herds 
Tasmania 
55. Urban 0 0 0 0 0 0 
56. North Western 12 6 26 13 50 25 
57. North Eastern 4 2 10 5 18 9 
58. North Hid land 2 1 6 3 10 5 
59 llidland 2 1 4 2 10 5 
60. South Eastern 2 1 2 1 4 2 
61. Southern 2 1 2 1 6 3 
62. Western 0 0 0 0 0 0 
24 12 50 25 98 49 
Northern Territor� 
t 
63. Darwin & Gulf 12 6 24 12 48 24 
64. Victoria River 18 9 36 18 74 37 
65. Barkly Tableland 20 10 42 21 82 41 
66. Alice Springs 10 5 18 9 36 18 
60 30 120 60 240 120 
- 106 -
TABLE 4 
Sampling Plan for Sheep by Statistical Divisions 
New South Wales & A.C.T. 
Division 1 ,ooo 500 2,000 1 ,ooo 4,000 
2,000 
Sheep Flocks Sheep Flock• Sheep Flocks 
New South Wales 
1. North Coast - - -
2. Hunter & Hanning 4 2 8 4 16 8 
3. Metropolitan - - -
4. South Coast 4 2 6 3 14 7 
5. Southern Tableland 28 14 58 29 114 57 
6. Central Tableland 48 24 96 48 194 97 
7. Southern Tableland 32 16 64 32 126 63 
8. North Western Slope 36 18 72 36 142 71 
9. Central Western Slope 38 19 78 39 154 77 
10. South Western Slope 64 32 130 65 258 129 
11. North Central Plain 32 16 62 31 126 63 
12. Central Plain 46 23 90 45 180 90 
13. Riverina 52 26 104 52 210 105 
� 
14. Bast of Darling 26 13 50 25 102 51 
15. West of Darling 34 17 68 34 136 68 
444 222 886 443 772 886 
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Victoria and Queensland 
Division 1 ,ooo 500 2,000 1 ,ooo 4,000 2,000 Sheep Flocks Sheep }'locks Sheep Flocks 
Victoria 
16. Central 14 7 28 14 56 28 
17. North Central 14 7 26 13 54 27 
18. Western 66 33 130 65 260 130 
19. 'N immera 24 12 50 25 100 50 
20. Mallee 8 4 18 9 34 17 
21. f\orthern 22 11 44 22 90 45 
22. North ,l:;astern 16 8 32 16 64 32 
23. Gippsland 8 4 18 9 34 17 
172 86 346 173 692 346 
OueenslA.nd 
24. �ioreton 
) 
2 1 2 1 
l 2 1 25. Haryborough 2 1 2 1 
26. Downs 26 13 52 26 102 51 
27. Rom a 24 12 48 24 98 4 9  
28. South iVestern 26 13 50 25 100 50 
29. Rockhampton 2 1 4 2 8 4 
30. Central Western 30 15 60 30 124 62 
31. Far Western 14 7 30 15 60 30 
32. Nackay 0 - 0 - 0 -
33. Townsville 0 - 0 - 0 -
34. Cairns 0 - 0 - 0 -
35. Fen insular - - - - - -
36. North Western 20 10 40 20 so 40 
144 72 288 144 576 288 
--
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TABLE 4 
South Australia, Western Australia, Tasmania and Northern Territory 
Division 1 ,ooo 500 2,000 1,000 4,000 2,000 Sheep Flocks Sheep Flocks Sheep Flocks 
South Australia 
37. Central Division 22 11 44 22 83 44 
38. Lower l>.Jorth 12 6 24 12 48 24 
39. Upper North 6 J 12 6 26 13 
40. South BHstern 28 14 56 28 112 56 
41. Western 16 8 30 15 60 30 
42. Hurray Mallee 10 5 20 10 40 20 
43. Outside Counties 6 3 12 6 24 12 
100 50 198 99 398 199 
Western Australia 
44. Metropolitan ) 
45. Swan ) 0 0 2 1 2 1 
46; South \Vest 6 3 10 5 20 10 
47. Southern _\.cricul tural JO 1 5 58 29 116 58 
48. Central Agricultural 36 18 72 3<· 146 73 
49. Northern Agricultural 22 11 44 22 90 45 
50. Eastern Goldfields 6 J 12 6 24 12 
51. Ce-'tral 6 3 14 7 28 14 
52. North ',1est 8 4 16 8 30 15 
53. Pilbara 2 1 6 J 12 6 
54. Kimberley 2 1 2 1 4 2 
118 59 236 118 472 236 
Tasmania 
55. Urban 0 0 0 0 0 0 
56. North Western 4 2 6 3 12 6 
57. North Eastern 4 2 6 3 14 7 
58. North hidland 4 2 10 5 18 9 
59. Midland 6 3 14 7 28 14 
60. South Eastern 4 2 8 4 14 7 
61. Southern 0 0 2 1 4 2 
62. Western .. 0 0 0 0 0 0 
. . ..... � 
22 11 46' 23 90 45 
Northern ferritorv - .. --.� .. 
Negligible sheep in N.rr. (9,177) 
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TABLE 5 
Sampling Plan for Pigs by Statistical Divisions 
New South Wales & A.C.T. 
Division 1 ,ooo 500 2,000 1 ,ooo 4,000 
2,000 
Pigs Herds Pigs Herds Pi�s Herds 
New South Wales 
1. North Coast 80 40 160 80 320 160 
2. Hunter & Manning 14 7 28 14 56 28 
3. Metropolitan 8 4 18 9 36 18 
4. South Coast 12 6 22 11 46 23 
5. Northern Tableland 6 3 12 6 24 12 
6. Central Tableland 12 6 26 13 50 25 
7. Southern Tableland 2 1 4 2 8 4 
8. North ,/estern ::>lope 22 11 42 2 1  84 42 
9. Central Western Slope 36 18 74 37 148 74 
10. South Western Slope 34 17 68 34 134 67 
11. North Central Plain 10 5 18 9 36 18 
12. Central Plain 12 6 24 12 50 25 
13. River ina 22 11 44 22 90 45 
� 
14. East of Darling ) 2 1 4 2 
� 
2 1 
15. West of Darling 2 1 4 2 
272 136 544 272 1090 545 
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TABLE 
Victoria & Queensland 
Division 1,000 500 2,000 1 ,ooo 4,000 2,000 
Fi::-.s Herds Pigs Herds Pigs Herds 
Victoria 
16. Central 38 19 76 38 152 76 
17. South Central 6 3 12 6 22 11 
18. Western 22 11 42 21 84 42 
19. Wimmer a 8 4 16 8 32 16 
20. Hallee 8 4 18 9 34 17 
21. Northern 62 31 124 62 250 125 
22. North Eastern 24 12 46 23 92 46 
23. Gippsland 40 20 80 40 160 80 
208 104 414 207 826 413 
Queensland 
24. Moreton 62 31 124 62 250 125 
25. Haryhorough 72 36 144 72 288 144 
26. Downs 76 38 152 76 306 153 
27. Roma 
) 
� 
2 1 4 2 8 4 
28. South Western 
29. Rockhampton 52 26 104 52 210 105 
30. Central Western 
) 
� 
2 1 4 2 6 3 
31. Par Western 
32. Mackay 2 1 4 2 6 3 
33. Townsville 4 2 6 3 12 6 
34. Cairns 
) 
16 8 32 16 
) l 35. Peninsular ) 8 4 
� 
2 1 2 1 
36. South Ylestern 
280 140 560 280 1120 560 
-
- ·- ·-· 
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TABLE 5 
South & Western Australia 
Division 1 ,ooo 500 2,000 1 ,ooo 4,000 2,000 
Pigs Herds Pigs Herds Pigs Herds 
South Australia 
37. Central Division 40 20 78 39 156 78 
38. Lower North 22 11 46 23 90 45 
39. Upper North 2 1 6 3 12 6 
40. South Eastern 8 4 16 8 34 17 
41. \I estern 12 6 24 12 48 24 
42. Murray·Mallee 16 8 32 16 62 31 
43. Outside Counties 0 0 0 0 0 0 
100 50 202 101 '402 201 
Western Australia 
44. Metropolitan 2 1 2 1 4 2 
45. Swan 12 6 22 11 44 22 
46. South West 10 5 22 11 44 22 
47. Southern Agricultural 12 6 24 12 48 24 
48. Central Agricultural 40 20 78 39 158 79 
49. Northern Agricultural 14 7 28 14 54 27 
50. Eastern Goldfields 2 1 6 3 10 5 
51. Central 0 - 0 - 0 -
52. North West 0 - 0 - 0 -
53. Pilbara 0 - 0 - 0 -
54. Kimberley 0 - 0 - 2 1 
92 46 182 91 364 182 
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TABLE 5 
Tasmania & Northern Territory 
Division 1,000 500 2,000 1 ,ooo 4,000 2,000 Pi3s Herds Pigs Herds Pigs Herds 
TA.smania 
55. Urban - - 2 1 4 2 
56. North Western 32 16 66 33 130 65 
57. North Eastern 10 5 18 9 36 18 
58. North Midland 2 1 6 3 10 5 
59. Hid land - - 2 1 
60. South l!:astern 2 1 2 1 4 2 
61. Southern 2 1 4 2 8 4 
62. Western - - -
48 24 98 49 194 97 
Northern Territorl: 
63. Darwin & Gulf - - - - 2 1 
64. Victoria River - - - - - -
65. Barkly Tableland - - - - - -
66. Alice Springs - - - - 2 1 
-
-
-
- 4 2 
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Summary 
1. An economical sampling plan for antibody surveys of Australian 
livestock is described and a detailed plan given. 
2. If a collection of serum samples were assembled according 
to this plan, a determination of antibody to various in fective 
agents could be made with an estimate of the maximum error. 
Several surveys could be made on one single collection. 
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